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INTRODUCTION

The GLI aquatic life criteria contained herein were derived using
.the procedures described.in Appendix A to Part 132: Great Lakes
water Quality Initiative Methodologiesfor Development of Aquatic
Life Criteria an~ Values. It will be necessary to understand
¯ these procedures in order to understand the derivations presented
herein.

In the derivation ofthe GLI aquatic life criteria, new data that
were considered to be of acceptable quality were used along with
the data in the criteria documents published by the U.S. EPA.
"New data" are data that became available since the last’
literature searc~ used in the preparation of the criteria
documents by U.S. EPA and prior to January 1993. Some errors in
the U.S. EPA criteria documents were corrected and the new
taxonomy for salmonids was used; some SMAVs and GMAVs are

.different from ’those in the U.S. EPA criteria documents due to
the preference for results of "FT,M" tests. Although some new
data could have been used to revise the slopes relating acute
and/or chronic toxicity to hardness or pH, it was decided that
revision was not necessary at this time. Thus all of the slopes
used herein are ~he same as those used in the criteria documents
published by U.S. EPA.

Four digits are given .in th~ concentrations in criteria because
these are intermediate values in the derivation of permit limits.

The GLI methodology specifies Minimum Data Requirements (MDRs) ¯
for chronicdata and also describes how the available chronic
data should be used. ACRs determined with saltwater species can
be used if the Minimum Data Requirements are not satisfied by
ACRs determined with freshwater species. Because the FAV is
derived to represent~acutely sensitive species, the FACRsho~id
be derived to be appropriate for sensitive species if the ACRs
for the chemical appear to increase or decrease as the acute
sensitivity of the species increases.

The foilowing acronyms are used in this document:
ACR = Acute-Chronic Ratio
CCC = Criterion Continuous Concentration
CMC = Criterion Maximum Concentration
FAV = Fina! Acute Value
FCV = Final Chronic Value
GLI = Great Lakes Initiative
GMAV =.Genus Mean Acute Value

,GMCV = Genus Mean Chronic Value
FACR = .Final Acute-Chronic Ratio
SMACR= Species Mean Acute-Chronic Ratio
SMAV = SpAcies Mean Acute Value
SMCV = Species Mean Chronic Value

ii
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~. ’GREAT LAKES WATER QUALITY INITIATIVE - "

Tier l,Aquatic Life Criterion for. Arsenic~(III)

The new acceptable~acute and~chronic data for arsenic(III) are
given~in Tables.Al and A2.. :These new data were used with those
given in Tables I and 2 of ~the criteria document~for~arsenic
(U.S. EPA 1985) Co obtain the values given in Table A3.,

Criterion Maximum Concentration (CMC)
¯2

The Final Acute Value (FAV) was calculated using the four iowest
Genus Mean Acute Valuesgiven in Table A3, resulting in a FAV of
679.6 ug/L. This value did not need to ~be lowered to protect a

.commercially or recreationally important species of the Great.
Lakes System..The CMCwas, calculated by dividing Dhe FAV by 2,
resulting in a. CM~C of 339.8 ug/L,/as total recoverable       ~.
arsenic (III) .     f    ~               . ~¯               .             :

Criterion Continuous Concentration (CCC)

Insufficient chronit toxicity, data were available to calculate a "
Final Chrohic Value (FCV) using the eight-family procedure.~
Sufficient chronic data wereavailable,to calculate a FCV by

dividing the FAWby the Final Acute-Chronic Ratio (FACR)~ The
new chronic test gave an ACR.of 3.784; the geometric mean of this .
value and the ACR in U.S: EPA¯(1985) for the same species was
4.199. This and, the two other Species Mean ACRs in U.S.~ EPA ~
(1985) are given in Table A3; the ~three ACRs were within~afactor
of 1.2. The’FACR was Calculated as-the geometric mean of the
three ACRs and was 4.594. .The FCV. = FAV/FACR = (679.6

ug/L)/(4.594) = 147.9 ug/L. This value did not need to be
lowered to proteht a commercially or recreationally important
species of the Great Lakes System. The CCC was 147.9 ug/L, as
total recoverable arsenic(III).

The Criterion

The procedures described in the GLI Tier I mezhodology indicate
that, except possibly where a locally importantspecies is very
sensitive, aquatic ~rganisms should not be affected unacceptably
if the four-day average concentration of arsenic(III) does not
exceed 147.9 ug/L more than~onceevery three years on the average
and if the one-hour average concentrationdoes not exceed 339.8
ug/L more than once every three years on the average.
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Table AI. New Acute Values for~Arsenic(III)

" _ Test ~ Acute¯
Duration Value

Species~ " "" Method* chemical (hrs) ". ~(ug/L) Reference

Fathead minnow,. Sodium Spe~ar and
Pimephales promelas FT,M arsenite 96 . 12,600 ~Fiandt 1986

Cladoceran, ~ Sodium Elnabarawy
Daph~. ia magna S,U arsenite. 48 : 4,501 et al. 1986..

Cladoceran, Sodium Elnabaraw~.
Daphnia pulex S,U arsenite 48 2,366 et al. 1986

Cladoceran, ’ Sodium Elnabarawy ....
Ceriodaphnia reticulata S,U arsenite 48 1,269 et al. 1986

* FT = flow-through~ M = measured, S = static, U = unmeasured.
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Table A2.’ New Chronic Values .f0rArsenic(III)

.... " ,. Acute Chronic Acute~’ -"
¯ . Value Value Chronic "

Species Method*. (ug/L) (us/L) Ratio "Reference

Fathead minnow,. ELS 12,600 3,330 3.784 ~pehar and
Pimephales promelas ". Fiandt 1986

* ELS = early llfe ~tage.
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.Table A3. Ranked Gehus M6an Acuti~,~Val~es for Arsenic(III) ¯

~ Genus Mean . Species Mean Species Mea~
Acute Value " Acute Value Acute-Chronic

.Rank* (ug/L) Species .~. (ug/L) Ratio

14 - 97,000 Midge, 97,000
Tanytarsus dissimilis

13 41,760 Bluegill,¯ 41~760
Lepomis macroc~irus

12 26,040 Goldfish, ~ 26,040
Carassius auratus

~i ~24,500 Snail, . ..- 24,500
Aplexa hypnorum

I0 22,040 Stonefly, 22/040.
Pteronarcys californica

9 20,130 Flagfish,
.Jordanella flcridae

8 18,100 Channel catfis~ - 18,100
Ictalurus punctatus

7 14,960 Brook trout,
~. Salve!inus fontinalis"

6 14,065 Fathead minnow, 14,065 4.199
, Pimephales promelas

5 13,340 Rainbow’trout, 13,340¯
Oncorhynchu

4 2,690 Clado~eran, r 4,449 4.748
Daphnia magna

Cladoceran, I~626
Daphnia pulex

3 1,511 Cl~doceran, 1,511 ......
Ceriodaphnia reticulata

2 1,175 Cladoceran~ 812.
Simocephalus serrulatus

Cladoceran,.                            1,700
Simocephalus vetulus

1          874     Amphipod,             ¯           874
Gammarus pseudolimnaeus

* Ranked fr0m.mostresistant to most sensitive based on Genus Mean Acute
Value.

D--038708
D-038709



FAV = 679.6ug/L

CMC = FAV/2 = 339.8 ug/L

FACR = 4.594

FCV = FAV/FACR = (679.6’ug/L)’/(4 594) 147.9 ug/L = CCC
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’. GREAT LAKES WATER QUALITY INITIATIVE./.

¯ ~ Tie~ l.Aquatic Life Criterion for iCadmium

The new acceptable ac~te and chronic data for ~admiumare.given
in Tables B1 and B2. These new data were..used with those given
in Tables I and 2 of the~criteria document ~for cadmium (U.S. EPA
1985) to obtain the values given in Tables B3 and B4. ~Because
the toxicity of cadmium is hardness-dependent,all acute and
chronic values in Tables B3 and B4 have been adjusted to a
hardness of 50 mg/L.

Criterion Maximum Concentration (cMc)~

The SMAVs given in Table B3-f0r the greensu~fish,.bluegill, coho
salmon, and rainbow trout were derived from U.S. EPA (1985) by..
giving preference to results of "FT,M" tests. Several SMAVs
given in.U.S.~.EPA (1985) were changed or eliminated due to
deletion of tests that wereconducted in river water by Spehar
and Carlson (1984a,b).                          .

The Final Acute Value (FAV) was calculated using the four. lowest
Genus Mean Acute Values in Table B3, resulting in an FAV’~of 4.134
ug/L at a hardness of 50 mg/L. This value did not need to be
lowered to Protect a commercially or recreationally important

.species of the" Great Lakes System. The CMC was calculated by
dividing the FAV" by 2, resulting in a CMC of 2.067 ug/L, as total
recoverable cadmium, at a hardness of 50 mg/L~. The .CMC was

,related to hardness using the slope of 1.128 that was derived in
U.S. EPA (1985):                               .

1.128(In hariness) - 3.68~,7          .
CMC = e

Criterion Continuous Concentration (CCC)

Two chronic values" given in U.S. EPA (1985) were hotused here
because the tests were conducted in river water by Spehar and
Carlson (1984a,b). The chronic value given in U.S. EPA (1985)
for Moina macrocopa was not used here because the concentrations
,of cadmium were not measured.

Chronic toxicity tests have been conducted on cadmium’with a wide
variety of.aquatic species and the resulting ACRs have a wide
range’, even within sensitive species (U.S. EPA 1985). ,Therefore,
the Final Chronic Value (FCV) was calculated using,the eight-

.family procedure that was used to calculate the FAV and was used
to calculate the FCV for cadmium in U.S. EPA (1985). As in U.S.
EPA (1985), the FCV was calculated using the value of n used in
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the calculation of the FAV (~.e., n = 43)..~he FCV was 1.4286
~ug/L at a hardness of 50 mg/L. This value did not need to be

"lowered to protect a commercially or.recreationally important
¯ s~ecies of the Great Lakes System. Thus the CCC was 1.4286 ug/L,

as total recoverable cadmium, at a hardness of 50 mg/L. The CCC
was-related to hardness using the slope of 0.7852 that was
derived in U.S. EPA (1985):

" 0.7852 (in hardness) -2 .,715
-CCC = e

The Criterion
~ ¯

Th~ procedures described in t~e GLI Tier 1 methodology indicate
that, except possibly where a .locally important species is very
sensitive, aquatic organisms.should not beaffected unacceptably
if the four-day average concentration of.cadmium does not exceed
the numerical value (in ug/L) given by the equation

0.7852 (ln hardness) - 2 715
~CC = e

more than once every three years on the average and if the
one-hour average concentration does not exceed the numerical
value (in ug/L) given by the equation

1.128(in hardness) - 3.~6867

morethan once every three years .on the average.      -
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.Table BI. New AcuteValues forCadmium

Adjusted
~ ... .. Hardness Acute .Acute

.. ~ (mg/L as Value Value.
Species Method* CaCO~) (ug/L) (ug/L) ** Reference

Cladoceran, S,U 240 184 31.36 Elnabarawy

Cerlodaphnia reticulata .
et al. 1986

¯Cladoceran, ~ S,U 120 70 26.07 Hall et al.
Daphnia pulex. 1986

Cladoceran, S,q 200 50 10.47 Hal! et al.
Daphnia pulex 1986

Cladoc~ran, .S,U 200 100 20.94 Hall et al.
, 1986Daphnia pules

Cladoceran, .. S,U’ 240 319 54.37 Elnabarawy

Daphnla pulex et al. 1986

Cladoceran, S,U 240 178 30.3 Elnabarawy
Daphnia magna et al. 1986

~Amphipod, .. S,U 50 1700 1700 Martin and
Crangonyxgseudogracilis Holdich 1986

Crayfish, S,U 26 6100 12755 Mirenda 1986
Orconectes virilis

Rainbow trout, FT,M 9.2 <0.5 <3.37 Cdsiman~ and
Oncorhynchus mykiss Brakke 1986

Rainbow trout, ~ FT,M ¯ 50 30 30 Vah Leeuwen
Oncorhynchus mykiss, et al. 1985

Rainbow trout, FT,M . 50 i0 . 10 Va~ Leeuwen
Oncorhynchhs mykiss. " ’ et al. 1985

Rainbow trout FT,M .50 9200 9200*** Van Leeuwen
(28-day egg), . et al. 1985

. Oncorhynchus mykiss

Rainbow t~out FT,M 50 7500 7500*** Van Leeuwen
¯ ~ et al. 1985(14-day egg),

Oncorhynchus mykiss.

.Rainbow trout FT,M 50 13000 13000*** Van Leeuwen
(24-hr. @gg), et al. 1985
Oncorhynchus mykiss.

Rainbow trout FT,M 50 13000 ~13000"** Van Leeuwen
(0-hr. egg), ." et al. 1985

Oncorhynchus mykiss

Striped bass, S,U 40 4 5.14 Palawski
Morone saxatilis et al. 1985

D 038713
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T~ble BI. (Co~t.) .’.      ’

- . :Adjusted"
Hardness Acute     Acute
(m~/L as ’ Value .., Value

Species                     -, Method* ’CaCOS)      (us/L)    (ug/L)** Reference

Striped bass,. S,U 285 I0 1.4 Palawski
Morone saxatilis et al. 1985

* FT = flow-through, M measured, S = static, U = unmeasured.           "
** Adjusted to a. hardnes~ of 50 mg/L using a slope of 1.128.
*** Not used in the calculation of the SI~V because data were available for a

more sensitive life stage.
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Table B2. New Chronic Values for Cadmium. .:.

. Adjusted
¯ . ~ Hardness Chronic Chronic-

. (mg/L as. Value Value
Species " Method* CaCO~) (ug/L) (ug/L)** Reference

Cladoceran, LC 240 0.4 0.12"** Elnabarawy
Ceriodaphnia reticulata " et al. 1986

Cladoc~ran, LC 240 4.3 1.25"** Elnabarawy
Daphnia magna et al. 1986

Cladoceran, LC 106 7.0~ 3.919 Ingersoll and
Daphnia pulex ~inner 1982

Cladoceran, LC 65 7.49 6.096 Niederlehner
Daphnla pulex .. 1984

Cladoceran, .~ LC 240 13.7 4*** ~. Elnabarawy
Daphnia pulex .--

Oligochaete, LC 65 25.19 20.50 Niederlehner
Aeolosoma headleyi 1984

¯ LC = life cycle.
¯ * Adjusted to a hardness of 50 mg/L using a slope of 0.7852.
¯ ** Not used in derivation of the criterion because the concentrations of

cadmium were not measured.
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Table B3. Ranked Genus M~an Acute Values for Cadmium- ~.. ,

Genus Mean ’ Species Mean
\ Acute Value Acute Value

Rank* (ug/L) ** Species. .(~g/L) **

43 .12755 Crayfish, 12755
. .. Orconectes virilis . ... .

~2 8325 Goldfish, 8325
" Carassius auratus

41 8100 Damselfly, . 8100
(Unidentified)

40 ~921 -Tubiflcid worm,’ .79~I
Rhyacodrilus montana

39 "7685 Mosqultofish,o 7685
Gambusia afflnis

38 6915 Tubificid worm, 6915
.~ Sty!odrilus heringlanus

37 4990 Tubificld .worm, 4401
Spirosperma ferox. ’

Tubificid worm,      ¯ ~          5658
Spirosperma nikolskyi

3~ .4977 Threesplne stickleback .~ .497"7
Gasterosteus aculeatus

-35 4778 Tubifi~id worm,¯ 4778
Varichaeta pacifica

34 4024 Tubificid worm, ’4024
Tubifex tubifex

33 4024 Tubificid worm, 4024
Quistradilus mu!ti~etosus

32 3800 Snail, 3800
Amnicola. sp..,

31 3570 Guppy, 3570
Poecilia reticulate

30 3514 White sucker, 3514
Catostomus commersoni

29 3400 CKddisfly, 3~00
(Unidentified)

28 3018 Tubificid wo~, 3018
Branchiura sowerbyi

B-6
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.Table B3. (Cont.) . ~ ~

Genus’Mean Species Mean
Acute Value "Acute Value.

Rank* (ug/L) ** Species (ug/L) **

....... T ..... ¯ .... ¯ .... ’- .......... -....’L .......... ........... ~ -- -~ ....

27 2888 Flagfish, . ~888
Jordanella floridae

26 2400 ," Northern s~awfish, . 2400 ’
~ Ptychocheilus oregonensis

¯25 "’2395 Green sunfish, 2399
Lepomis cyanellus

¯ Pumpkinseed, ~. 1347
Lepomls gibbosus

Bl~gill, 4249

~ Lepomis macrochirus

24 2310 Mayfly, 2310~
Ephemerella grandis

23 2137 ’~ Tubifi~id worm," 2137 ~
Limnodrilus hoffmeisteri

22 1700 Worm, 1760
Nais sp.

21 1700 -. Amphipod, .- 1700
Crangonyxpseudogracilis

20 1200 Midge,.
~ 1200

Chironomus sp.

"" 19 736 American eel, ~~ "~36
Anguilla rostrata

18 401 Is6pod, 401
¯ _ Asellus bicrenata

17 ~2"21.9 Bryozo~ ~    ~-    ¯
¯

221.9
Plumatell~ emarginata

16 215.5 Common~ carp,    -- 215.5 -
Cyprinus carpio

15 156.9 Snail, 156.9
Physa gyrina

14 i42.5 ..  rzozoa  1 2.5
Pectinatella magnifica

13 104.0     Snai!, .104.0
Aplexa hypn~rum
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B3. ont.

Genus Mean
Acute Value

Rank* (ug/L) **       ’ Species (ug/L) **

12 98.79 .., Banded killifish, 98.79
Fundulus diapha~. Us

II .74.99    Amphlpod, .80.33
Gammarus.pseudolimnaeus

.. Amphipod, 70.00
..~ Gammarus sp.

I0 48.28 Cladoceran,
.- Ceriodaphnia reticulata

9        42.8       Isopod,.                               42.8
Lirceus alabamae

8 ~0~78 Cladoceran, 40.78
Moina macrocopa

7 30.54 Bryozoan,’ 30.54
Lophopodella carteri

6 30.50, .Fathead minnow, 30.50
Pimephal~s promelas -.

5 29.96 Cladoceran, , 33.2
Simocephalus serrulatus

Cladoceran, "27.03
Simochephalusvetulus

4 21.13     Cladoc~ran,    .. 14.2
Daphnia magna

~ladoceran, 31.43 .
..

Daphnia pulex

3 ¯5.421     Coho"salmon, 6.48
- Oncorhynchuskisutch

Chinook salmon, 4.254
oncorhynchus tshawytscha

. Rainbow trout, 5.78
OncorhYnchus mykiss

2 2.682*** White perch,". 7544
Morone    americana

Striped bas~, 2.682****
Morone saxatilis

D--03871 8
D-038719



Table B3. (Cont.)

Genus Mean
Acute Value Acute Value

Rank* (ug/L) ** Species                        (ug/L) **

1 1. 647 Brown trout~ 1. 647
Salmo trutta .

* Ranked from most resistant to most sensitive based on Genus Mean Acute
Value.

- **    At hardness = 50 mg/L.
*** The GMAV was set equal to the lo~er SMAV due to the large range in the

SMAVs in this genus.
**** This SMAV was based on the results repo~ted by Palawski et al. (1985)

because they w~re considered better data than those given in U.S. EPA
(1985), although the data reported by Hughes (1973) supported the newer

data.

At hardness = 50 mg/L:

FAV = 4.134 ug/L

CMC = FAV/2"= 2.067 u~/L

As a function ~f hardness:

1.128 (In hardness) t 3.6867
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Tabie B4. Ranked Genus Mean Chronic Values for Cadmium

.. Genus Mean ’ ’~Species Mean
Chronic Value "                                   Chronic Value

Rank* (ug/L) ** ¯ " Species (ug/L) **

12 20.50 Ollgochaete, . . ~ ,~ :.. 20,50
Aeolosoma headleyi

II 16.32 Bluegill, 16.32
Lepomis macrochirus

i~0 ~!5.40 Fahhead minnow, -. " 15.40
. ’~ Pi~ephales pr~melas

9 8.170 Smallmouth bass, 8.170
Micropterus dolomieui

8 : 8.138 Northern pike, "" ~.138
’Esox lucius

7 7.849 White sucker, "7.849
¯ Catostomus commersoni

6 7.771 Atlantic salmon, 8.192
Salmo salar.

Brown trout, ~. 7.372
Salmo trutta

Jordanella floridae

4 ’ 4.841 Snail, " ~ 4.841
Aplexa hypnorum.

3 4.383 Brook trout, . 2.362
Salvelinus fontinalis

Lake trout, 8.134
Salvelinus namaycush

2 3.399 Coho salmon, 4.289
, Oncorhynchus kisutch

Chinook salmon, 2.694
Oncorhynchus tshawytscha

¯ 1 0.1354"** Cladoceran, 0.1354
Daphnia magna

Cladoceran, 4.888
¯ Daphnia pulex

.--~ ......

¯ ,,Ranked from most resistant to most sensitive based on Genus Mean Chronic
Value.

¯ * At hardness = 50 m~/L. __ ..

B-IO
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*** The GMCV was set equal to the lower SMCV dud to t~e large range in the
SMCVs for this genus..~                              ¯ ..,. . ’’"

:At hardness = 50 mg/L: .. ., ¯

~FCV = 1.4286 uci/L = CCC " (calculated using n = 43)

’AS a function" bf. hardness: "

0.7852 (in hardness) - 2.715

B-II
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GREAT LAKES WATER QUALITY INITIATIVE

Tier 1 Aquatic Life Cri£eri0n for chromi~m(III)

~henew acceptable acute data for chrom~um(Ii~) are given in
Table CI; no new acceptable chronic data-werefound.. These data

"were used with those given in Tables i and 2 of.the~criteria
document for chrbmium .(U.S. EPA 1984) to obtain the values given
in TableC2. Because the toxicity of chromium(III) is hardness-
dependent; all acute values in Table C2 have been adjusted to a
hardness Of 50 mg/L.

" Criterion Maximum Concentration (CMC)      .    ~. ~ "

The Final Acute Valu~ (FAV) was calculated using the four lowest
Genus Mean Acute" Values in Table°C2, resulting in an FAV of 2044
ug/L at a. hardness of 50 mg/L. "This value did not need to be
lowered ~o protect a commercially .or recreationally important
species of the Great Lakes System. The CMC was calculated, by
dividing the FAY by 2, resulting in a CMC of 1022 ug/L, as total
recoverable chromium(III), at a hardness of 50 mg/L. The CMC was
related to hardness using the slope of 0.819 that was derived in
U.S. EPA (1985):                .,        ¯

0.819 (in hardness) + 3.7256     .~-
CMC

Criterion Continuous Concentration (CCC)                     "

Insufficient hhronic toxicity data were available to calculate a.
Final.Chronic Value (FCV) using the eight-family procedure
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). SMACRs
were available for three species (Table C2)’ and the highest SMACR
was obtained with the most resistant of the three. The other two
SMACRs were within a factor of 2.4. The FACR was calculated as
the geometric mean of the two ACRs and was 41.84. The FCV
FAV/FACR = (2044 ug/L)/(41.84) = 48.85 ug/L at a hardness..of 5.0
mg/L. This value did not need tobe lowered to protect a
commercially or recreationally important species of’the Great
Lakes System. Thus the CCC was 48.85 ug/L, as total recoverable
chromium(III), at ahardness of 50 mg/L. The CCC, was related to
hardness using the slope of 0.819:.

0.819 (in hardness) % 0.6848
cCC = e ~o
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The Criterion ....

The.procedures described in the GLI tier I methodology indicate
that, except possiblywhere a locally important species is very

sensitive, aquatic organisms should not be affected Unacceptably
if the four-day average concentration of chromium(III) does not
exceed the numerical value (in ug/L) givenby the equation

~ 0.819 (in hardness) + 0.6848
CCC = e

more than onceeverY three years on the average and if the
one-h~ur average concentration does not exceed the numerical
value (in ug/L) given by the~equa~ion

0.819 (In hardness) + 37256

more than once every three.years on the. ave[age.

D--038725
D-038726



Table C1. New,Acute Values fo~Chromium(III) :’ ’.~ ’; : :"

- - .,    . Harness Acute    ~Acute :¯ (mg/L as Value    .Value
Species Method* CaC~) (ug/L) . ~ug/L) ** Reference"

Amphlpod, S,U 50 .291,000    291,000 Martin and
Crangonyxpseudogracilis ~" Holdich 1986

* S~= static, U = unmeasured..
** Adjusted to a harness of.50 mg/L. using a slope of.0,8!9..
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Table C2. Ranked Genus Mean Ac~te Values for Chromium(IIi)i      "

Genus Mean Species Mea~ Species Mean
~ Acute Value Acute-Chronic~" Acute Value

Rank* (ug/L) ** Species " (ug/L) ** Ratio

19-                  291,000              Amphipod,                                ¯                        291.,000
Crangonyxpseudogracilis

18            71060      Caddisfly,         -                   71060
.Hydropsyche betteni

5oooo Cad i fly, 5oooo ,
Unidentified sp.

.. 16 "         ~3100      Damselfly, 43100
Unidentified sp.

15 16010 .Cladoceran, 16010 >356.4"**
Daphnia magna ,.

.... 14 15630 Banded killifish, 15630
Fundulus diaphanus

13 15370 Pumpkinseed, : 15720’ Lepomis gibbosus

Bluegiil, 15020
Lepomis macrochi~us

12 14770 White perch, 13320
.Morone americana

¯ ’. Striped bass, 16370.
’ Morone saxatilis

Ii .. 13230 Commoh carp,.. ~3230
.Cyprinus~carpio

I0 i2860 American. eel, 12860
Anguilla rostrata

9 II000- Midge, II000
Chironomus sp.

8 10320 Fathe~d minnow, 10320 27.30
Pimephales promelas

7 10210 Snail, 10210
Amnicola sp.~

6. 9669     Rainbow trout, 9669 64.11
OncorhYnchus mykiss

5 9300 Worm, 9300"
Nais .sp.
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GREATLAKE~’,qATER QUALITY’INITIATIVE

Tier 1 AquaticLife Criterion for Chromium(vI)

The new acceptibie acute data for Chromium(VI) are given in Table
~DI; no new acceptable chronic data were used. These new data
were used with those given in Tables 1 and 2 of the criteria~
document for chromium. (U.S. EPA 1985) to obtain the~values given
in Table D2.

Criterion Maximum Concentration (CMC)

The~Final Acute Valu@~ (FAVi was caZculatedusing the four lowest
Genus Mean Acute Values given~in Table D2, resulting in a FAV of
32.04 ug/L. This value did not need to be lowered to protect a
commercially or recreationally important species of the Great
Lakes System. The CMC.was calculated by dividing the FAV by 2,
resulting in a CMC o~ 16.02 ug/L, as total recoverable
ch~omium(VI).

Criier~on Continuous Concentration (CCC)

Insufficient chronic toxicity data were available to calculate a
Finai Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCVby
dividing the FAV by the Final Acute-Chronic Ratio (FACR). Eight
SMACRs were available (Table D2), but three were high SMACRs that
were obtained with resistant species and.one was a "grea~er than"
value. Of the eight, only four were appropriate for use in.
calculating the FACR. and the fbur were within a factor of 6. ¯ The
FACR was Calculated as the geometric mean of these four and was ’
2.917. The FCV = FAV/FACR = (32.04 ug/L)/(2.917) I0.98 lug/L.
This value did not need to be lowered to protect a commercially
or recreationally important’species of the Great Lakes .System.
The CCC was 10.98 ug/L, as total~recoverable chromium(VI).

The Criterion

The procedUres-described in the GLI Tier i methodoiogy indicate
that, except possibly where a locally important species is very
sensitive, aquatic organisms should not beaffected unacceptably
if the four-day average concentration of chromium(VI) does not
exceed 10.98 ug/L.more than once every three years on the average
and if the one-hour average concentration does not exceed 16.02
ug/L more than o~ce every three years on the average.    ~
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Table DI. New Acute Values for Chromium(VI) ...... . -

¯ ~ ;~. Acute Value ~
Species Method* Chemical (ugiL) Reference

--~ ................. ._ ............... ; ....... ~ ...... ~-~, ..... ~-~ .... . ...... ~-.

.Cladoceran,- S,U K-dichromat~’ 900’~ ¯ Berglind and
Daphnia magna "." Dave 1984

Cladoceran, : .. S,U Na-dichromate 112"*
\i Elnabarawy

~aphnia magna *. ; et al. 1986

Cladoceran, ~’ S,M K-dichromate 170"* Dorn ~t al ....
Dap.hnla pulex 1987

""Clldoceran, S,U K-dichromate 190"* Dorn,~ et al.
Daphnia pulex ¯ " 1987

Cladoceran, : S,M K-dichromate 20** Dorn, et al.
Daphnia pulex " . .... .1987

~Cladoceran,’ S,U K-dichromate 20** Dorn, et al.
.~Daphnia pulex 1987

Cladoceran, : S,M K-dichromate 40** Dorn, et al.
Daphnia pulex : 1987

Cladoceran, S,U~ K-dichromate 40** Dorn, et al.
Daphnia pulex , ’, 1987..

Cladoceran, S,U Na-dichromate 122-* Elnabarawy
Daphnia pulex - et ai.!986

Cladoceran, .S,M K-diChromate" 180"* " ~op~el°
Daphnia pulex~ ~ ~.. al~. 1987

Clad0ceran, S,M K-dichromate 180"*’ . Jopet
Daphnia pulex ... al. 1987

Amphipod, R,U K-dichromate 420 Martin and
Crangonyx pseudogracili~ ’ Holdich 1986

Amphipod,. , ~ R,U K-dichromate 810 Martin and
Crangonyxpseudogracilis ,.. Holdich 1986

Bluegill, S,M K-dichromate 182,000"* Jop et
Lepomis macrochirus al. 1987

Bluegill, . S,M K-dichromate 154,000"* Jop et
Lepomis macrochirus .. ~. ai..1987

Biuegill, S,M K-dichromate 201,240"* Dorn~et
Lepomis macrochirus . al. 1987
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¯
Table D1. (Cont.) .... .~ ’.~ . ~.    ~’

¯ . " Acute V~lue ¯
Species ~     Method* Chemical     ~.    (ug/L) ~.°Reference

.~ ........................................... ~ ........ ~ ........ ..,. ............

Bluegill, S,U K-dichromate 164,730"* -Dorn et
Lepomis macrochirus al. 1987

Bluegill, " S;M K-dichromate. ~199",200"*. ’ Dorn et
.Lepomis macrochirus al. 1987

Bluegill, S,U K-dichromate 158,360"* ~Dorn et
~Lepomis macrochirus al. 1987

Bluegill, S,M K-dichromate 148,310"~ Dorn~et
Lepom!s macrochirus " al. 1987..

Bluegill, S,U K-dichromate 146,530"* ~Dorn et
Lepomis macrochirus, al. 1987

Fathead minnow, S,M K-dichr0mate 46,000** Jop et
Pimephales promelas ; al. 1987

.Fathead minnow, S,M K-dichromate 34~000"* Uop et
Pimephales promelas .... al. 1987

Fathead minnow, -" S,U K-dichromate 26,130"* Dornet
Pimephales PrCmelas al. 1987

Fathead minnow, .. S,M K-dlchromate 26,410"* Dorn et
Pimephales promelas ¯ al. 1987

* .S " static, FT = flow-through, M = measured, U = unmeasured~~
** Not used in "the calculation of the SMAV because data were available for

this species from a "FT,M" test.                    "~
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.Table D2 Ranked Genus Mean ~cute Values for Chromium(VI)

¯
~enus Mean" Species Mean Species Mean
Acute Value ’ ¯Acute Value Acute-Chr0nic

Rank* ~ (ug/L) -- S~ecies. ~. (ug/L) Ratio

28. 1,870,000 Stonefl~, 1,870,000
Neophasganophora capitat&.

27 176,000 , Crayfish, 176,0~0
.. Orconectes rusticus

26" 140,000 D~mselfly, . I~0,000
’. Ena~lagma aspersum

25 123,500 Green sunfish, ~I14,700
Lepomis cyanellus

Bluegill, 132,900
" " ¯ : Lepomis macrochirus

24 119,500 Goldfish, 119,500
Carassius aurat~s

23 72~600 .White crappie, 72,600 ......
Pomoxis~annularis"

.22 69,000 Rainbow trout,    . 69,000 260¯.8**
0ncorhynchus mykiss

21- 67,610 Emerald~.shiner, 48,400
Notropis atherinoides

’ . .... ~Striped shiner,     " ~.... 85,600 ......
Notropis chrysocephalus ,

Sand shiner, 74,60~
Notropis stramineus

20             61,000          Midge,~                                          61,000
Chironomus tentans

19 59,000 Brook trout, 59,000 " 223"*
Salvelinus fontinalis

18        57,300      Midge,~ .                          57,300 .....
Tanytarsus dlssimills

17 51,250 Central stoneroller, 51,250 .....
Camp0stoma anomalum

16 49,600 . Silverjaw mirniow, 49,600.
~ricymba buccata

D-~
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Table D2    (Cont.)                                           .

Genus Mean ’ ¯ ~.~ Species Mean Species Mean
Acute Value -~ ; " Acute Value Acute-Chronic

Rank* (ug/L) Species (ug/L) Ratio

15 47’i80 Blu~tnose minnow, . 54,225
Pimephales notatus

¯ " Fathead minnow, : 41,050 18.55"*
P!mephales promelas

14 46,000 Johnny dar~e~, 46,000 ’ ¯
Etheostoma nigrum .~

13 36,~00 Yellow perch, .~ ¯ 36,300 ......
Perca flavescens

12 30,450 Striped bass, 30,450
.~ Morone saxatilis

ii 30,000 Guppy, ~0,000
Poecilia reticulata

I0 23,010 snail~ 23,010
Physa heterQstropha

9            1,560        Bryozoan,               .                1,560
Lophopodella carteri~

8 1,440 Bryozoan, 1,440
Pectinatella magnifica

7 650 Bryozoan  " 650 .......
.. P!umatella emarginata

6 ¯¯ 630 Amphipod,     .. 630¯
Hyalella azteca -

5 583 ’ Amphlpod,~ 583
Crangonyxpseudogracilis

4 67.1 Amphipod, ~ 67.~
Gammarus pseudolimnaeus

3 45.~ Cladoceran, 45.1 i~13
Ceriodaphnia ~eticulata

2 36.35 Cladoceran, 40.9 2.055
Simocephalus serrulatus

Cladoceran, 32.3 5.267
Simocephalus vetulus
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Genus Mean. ~.. Species Me~m Species Mem’~    ."
Acute Valu~ Acute Value Acute-Chronic

Rank* (ug/L) Species (ug/L) Ratio

~I 28.94 .Cladoceran, .. 23.07 >6.957**
Daphnia

," ’ Clado~eran, ¯ " 36.3. 5.92
Daphnia pulex "

¯ Ranked from most ~esistant to most sensitive based on Genus Mean Acute
Value.

¯* Not used in the calculation of the Final Acute-Chronic Ratio.

FAV = 32.04 ug/L

CMC = FAVi2 = 16.02 ug/L

FACR = 2.917

FCV = FAV/F~CR = (32.04 u.g/L)/(~.917) = 10.98 ug/L =.CCC
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GREAT LAKEs WATER QUALITY INITIATIVE

Tie~ I Aquatig.Lif~ Criterion~for Copper

Thehew acceptable acute and chronic data for copper are given in
Tables E1 and E2. These new.data were used with those given in
~Tables i and 2 of the criteria document for copper (U.S. EPA
1985) tO obtain the values givenin Table E3.. Because the
toxicity of copper is hardness-dependent, all ahute values in
Table E3 have been adjusted, to a hardness of 50. mg/L.

Criterion Maximum~concentration(cMc)

Data given in U.S. EPA (f985) for the species G~m~narus pulexwere
not used because this species is not.resident in North America.
Several SMAVs given in Table" E3 were derived from U.S. EPA (1985)
by giving preference to results of "FT,M" tests.

The Final. Acute Value (FAV) was calcuiated ~sing the four !owest
Genus Mean Acute Valuesin Table E3, resulting in an FAV of 14.57
ug/L at a hardness of 50 mg/L. ’This value did not need to be
lowered to protect a commercially or recreationally important
species o£ the Great Lakes System. ~The CMC was calculated by
dividing the FAV by 2, resulting in a CMC of~7.285 ug/L, as total
recoverable copper, at a hardness of 50 mg/L.° The CMC was
related to hardness using the slope of 0.9422 that was derived in
U.S. EPA (1985):"

0.9422 (in hardness) I~700
CMC = e ..

~riterion Continuous Concentration (ccc) ..

InSufficient chronic toxicity data were ~available to calculaie a
Fina! Chronic Value (FCV), using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by
dividing the" FAV by the Final Acute-Chronic Ratio (FACR) " The
new chronic test gave an ACR of 15.48 with the fathead minnow;
the geometric mean of this value and the four ACRs for this
species in U.S. EPA (1985) was 11.20. SMACRs were available for
nine species (Table E3) and were higher for resistant species.
To make the FACR appropriate for sensitive~ species, it was
calculated from the two SMACRs that were determined with species
whose SMAVs were" close to the FAV. Thus the FACR was calculated
as the geometric mean of .3.297 and 2.418 and w~s 2.823. The FCV
= FAV/FACR = ¢14.57 ug/L)/(2.823) = ~5.161 ug/L at a hardness of
50 mg/L. This value did not need to be lowered to protect a
commercially or recreationally important species of the Great
Lakes System. Thus the CCC was 5.161 ug/L,:as total recoverable

E-I
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copper,..at a hardness ofS0 mg/L. T~e CCc was related .to
hardness u~ing the.sl0pe of 0..8545 that was derived in U.S. EPA
(19851 :                ¯                   ,      ..

0.8545(inhardness) - 1.702 . "
CCC = e

~he criterion,-                   "

The procedures described in the GLI Tier 1 methodolo~z indicate
thatl except possibly where a locally important species is very...

.sensitive, aq’uatic .Qrganisms should not be affected unaccept~ly
if the-four-day averageconcentration of copper does not exceed
~he numerical.~alue (in us/L) given by "theequation

0.8545(in hardness) .- 1.702              .¯- ," CCC = e --    . ..... ..,. .,~ ... .

more than once every, three years on the average and if the
one-hour average concentration does not exceed the numerical
value (inug/L) given by the equation                   ’

-0.9422(In. hardness) " 1.700CIVIC = e

more tha~ once e~ery~ three years on the average.
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-" " Adj us ted
.. " , .... Hardness Acute     Acute

Specie~ ’ ~¯Method*
(mg/L as Value.    .Value¯

.. CaCO3)
(ug/L) ¯ . (ug/L)**- .-Reference¯

Cladoce~an, S,’U 240 : 23¯. 5.2 Elnabarawy
Ceriodaphnla reticulata    . ’¯ et al. 1986..

Cladoceran, .. S, U ’ 240 41 9.4 Elnabarawy
.Daphnia magna - ~ ...4t al. 1986

Cladoceran, " S,U . .240 31 7~¯i ¯ Elnabarawy
Daphnia pulex

~ et al..1986

Amphipod, S,U 50 1290 1290 M~rtin¯and
Crangonyxpseudogracilis _ Holdich 1986

Asiatic Clam, ~. FT,M 17 >2600" o>7184 ¯. Harrison
Corbiculi manilensis et al. 1984

Midge, S,M 44 739 834 " Kosalwat and
Chironomus decorus Knight 1987

Fathead minnow,. FT,M 43.9 96 ~09. S~ehar and
Pimephales promelas ’’ Fiandt 1986 , .~.

Bluegill, .S,M 31.2 340 530*** .Bailey et
Lepomis macrochirus , al’ 1985

Blu~gil!, ~FT,M 31.2 550 858 Bailey et
Lepomis macrochirus at. 1985

Rainbow trout, FT,M 9.2 ¯ 2.8 " 14 Cusimano and ’
Oncorhynchus.mykiss ¯ Brakke 1986

Strip@d bass, ¯ S,U 285 270 " ¯. 52 palawski
Morone saxatilis ,~ . , et al. 1985

*    S = static, FT = flow-through, U = unmeasured, M= measured.
w* Adjusted to a hardness of 50 mg/L using the slope of 0.9422.
*** Not used in the calculation of the SMAV because data were available for

this species from a ~’FT,M" test.

/
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Table E2. Ne~ Chronic Values for Copper.

~" Acute Chronic     Acute-
’ Value Value :     Chronic

Species Method* (ug/L) (ug/L) ’ Ratio Reference

Fathead minnow, ELS. 96 6.2 15.48 Spehar and
Pimepha~es promelas ¯ .. " Fiandt 1986

¯ ELS = earlylife.stage .....
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Table E31 Ran~ed Genus Mean A6U~e 4~lues for Copper ....

G~n~s Mean         ~-" ~.. Species Mean . Specles Mean
Acute Valu@ ¯ .. Acute Value Acute-Chronic

Rank* (ug/L) ** " ’    Species. (ug/L)** . Ratio

43 ’ I0240 Stonefly,~ ~ 10240 .....
~. Acroneuria lycorias

42 > ~184 Asiatic clam, >’7184 " ¯ .....
~: Corbicula manifensis

41 6200 .Caddishly, . .0 6200 .....
" Unidentifiedsp.

40 4600 Damselfly’, 4600
Unidentified sp.

39 ..- 4305 " American eel, 4305
Anguilla’rostrata

38 ’ 1990 Crayfish, &990
.Procambarus clarkii

37          1877         Snail,         ~’                           1877             156 2***
Campeloma decisum

36 1397 Crayfish, . ¯ 1597 .....
Orconectes rusticus

35        1290       Amphlpod,             .            1290
Crangonyx~pseudogracilis         .      ..

34 1057 .Pumpkinseed, .640.9
Lepomis gibbosus¯ ~"       ~

. -- -Bluegill,. ¯1742 37.96***
~

Lepomis macrochirus

33 900 S~ail, -. 900 .....
Amnicola sp...

32 790.6    Bahded killifish, ’ 790.6 .....
Fundulus diaphanus

31 ’~ 684.3 Mozambique tilapia 684.3 .....
Tilapla mossambica

30 331.8 Striped shiner,"~ 331.8 ......
Notropis chrysocephalus

29 289 Goldfish, 289 .....
Carassius auratus

28 242.7 . Worm, 242.7
Lumbriculus variegatus

’
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Genus Mean ’.~" .... "Species Mean Species Mean
Acute Valu@ "    .. Acute Value Acute-Chronic

~, Rank* (ug/L) *?    ¯ ~ "-. Species " (ug/L) ** Ratio

27 19611 Mosqui~ofish, i96.1 .......
Gambusia affinis t

26 170.2" Midge,    : 197
¯ °. Chironomus tentans

"Midge, 834
Chironomus.decorus.

Chironomus sp.

Goniobasis livescens                      ~

24 156.8 common carp, 156.8
¯ . .Cyprinus carpio

23 141.2. Rainbow darter 86.67
Etheostoma.caeruleum

~o Orangethroat darter, . 230.2 ~’~
Etheostoma spectabile ¯

¯ ...
22 135 Bryozoan~ 135

" Pectinatella-~magnifi~a

.21 ". 133 .chiselmouth, ~33     ¯ ""
Acrocheilus alu~aceus

20 110.4¯     Brooktrout~ ’ ~¯ - 110.4" 7.776***
Salvellnus fontlnalis.

19 109.9 Atlantic salmon,                      109.9 ......
Salmo salar ¯

18 97.9 Bluntnose minnow, .72.16 26.36***
~" " .Pimephales.not~tus

Fathead minnow, 132.9 .     11.20"**
" Pimephales.promelas

17 90. Worm, 90
Nais sp.’

16 86.67 o~ Blackn~se dace, 86.67
~’Rhin~chthys atratulus "
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Table’E3. (Cont.)

Genus Mean Species Mean Species. Mean
Acute Value Acute Value Acute-Chronic

’ ~ank* o (ug/L)**    "     Species :’ (ug/L)** Ratio

15 83.97 Creekchub,. .83.97 .- ....
Semotilus atromaculatus ¯

14 83 Guppy, .83¯ Poecilla reticulata

~’.13 78.55 Central stoneroller, 78.55
Campostoma anomalum

12 73.99 Coho salmon,. 87.1
Oncorhynchus kisutch

.Sockeye salmon, 233.8
Oncorhynchus nerka

Cutthroat trout, 66.26
Oncorhynchus clarki

Chinook salmon, 42.26 > 4.4~3"**
Onc0rhynchus tshawytscha

O Rainbow trout, 38.89 ........
Oncorhynchus mykiss

II 69.81 Brown bullhead, 69.81
Ictalurus nebulosus

I0          56.21 snail,                              56.21
Gyraulus circumstriatus                             "

9 53.08    Worm, 53.08 "
Limnodrilus hoffmeisteri

8 52~- .White ~erch, 5860
Morone americanus

.striped bass, 52
.Morone saxatilis

7 39.33 Snail, 35.91
physa heterostropha

Snail, . 43.07 3.585***
Physa integra

6 37.05 Bryozoan, 37.05
L0phopode!la cart~ri

5 37.05 Bryozoan, 37.05
Plumatella emarginata

O 4 22.09 .Amphipod, 22.09 3.297
_ Gammarus psiud01imnaeus

E-7
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" Genus Me~n" Specie~ Mean Species Mean
Acute Value~ Acute Value Acute-Chronic

Rank* (ug/L) ** Species - (ug/L) ** Ratio

3 16.74 Northern squawfish, 16.74
¯ ~ Ptychocheilus ore~onensis

2" 14.48 Cladoceran, .. .° 19.88 2.418 ..
.Daphnia magna -

" Cladoceran, 16.5 ......
Daphnia pulex . " ’ /.

Cladoceran, 9.263 ’
Daphnia pullcaria

1 9.92 Cladoceran, 9.92

,.~ .Cerlodaphnia reticulata

¯ Ranked from most resistant to most sensitfve based on Genus Mean Acute
Value.

¯* At hardness = 50 mg/L.
¯** Not used in the calculation of the Final ~cute-Chronic Ratio.
--’ This GMAV was not set equal to the lowest SMAV because the species was

-- not identifed.
-~ This GMAV was set equal to the lower SMAV due tO the large range in the

SMAVs in this genus.
~~" This SMAV was b~sed on the results reported by Palawaki et al. (1985)                  ".,

because they were considered better data than those given in U.S. EPA
(1985), although the data reported by Hughes (1973) supported the newer
data.

At hardness = 50 rag/L:

FAV = 14.57 ug/L

CMC = FAV/2 = 7.285 ug/L

AS a function of hardness:                            "

0.9422 (In hardness) - 1.700
CMC =e

FACR     2.823

At hardness = 50 rag/L:

FCV = F~V/FACR = (14.57 ug/L)/(2.823) = 5.161 ug/L = CCC

As a fun6tion of hardness:

0.8545 (In hardness) - 1.702
CCC = e
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~GREAT LAKES WATER QUALITY INITIATIVE

Tier 1 AqUatic Life Criterion for Cyan~del

No new acceptable acute or chronic data Were found for cyanide.
Therefore, .the data in the existing criteria document for cyanide
(U.S. EPA 1985) were used as the basis for the derivation of this
criterion. ~The new taxonomy for salmonids was used (Table FI),
but this did not" cause a change-in the criterion for cyanide.

Criterion Maximum Concentration (CMC)

The Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values given in Table FI, resulting in a FAV of
45.77 ug/L. Because the SMAV of the commercially and
recreationally i~portant rainbow trout was 44.73 ~g/L, the FAV
was !owered to 44.73 ug/L. The CMC was calculated by dividing
the FAV ~by 2, resulting in a CMC of 22.36 ug free cyanide (as

, CN)/L.

Criterion Continuous Concentration (CCC)

chronic toxicity data Were availableto calculate aI~sufficien~
Final Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). Five
SMACRs are available ~(Table FI), but one was a ,highSMACR that
wasobtained with a resistant species; the other.four were within
a factor of 1.5. The FACR was calculated as the ~eometric,mean
of these four and.was 8.568. The FCV = FAV/FACR = (44.73
ug/L)/(8.568) =~5.221 ug/L. This value does not need to be
lowered to protect a commercially or recreationa°lly important
species..of the Great Lakes, System. The CCC was 5.221 ug free
cyanide (as CN)/L.

The Criterion~                     ."

The procedures described in the GLI Tier 1 methodology indicate
that, except possibly where a locally important species is very
sensitive, aquatic organisms should not be affected unacceptably
if the four-day overage concentration of free cyanide (as CN)
does not exceed 5.221 ug/L more than once every three years on
the average and if the one-hour average concentration does not
exceed 22.36 ug/L more than once every three years on the
average.          ~..
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Table FI. Ranked Genus Mean Acute Values for Cyanide "

Genus Mean .Species Mean ~ Species Mean
Acute Value ;’ Acute Value Acute-Chronic

Rank* ~ (ug/L) Species                       (ug/~) Ratio

16 2490 Midge, 2490 .....
Tanyt~rsus disslmilis

15           2326          ’Isopod,           ~                      2326               68.29**
Asellus communis

~4 432 Snail,. 432~
~. Physa he~e~ost~opha

13 426 St~nefly, 426 ..... .
Pteronarcys dorsata

12            318           Goldfish,                                318
Carassius Auratus                          :

11 167 Amphip0d, 167             9.111
Gammarus pseudolimnaeus

I0 147 Guppy, 147
Poecilla reticulata

9 125.1 Fa£head minnow, 125.1 7.633
Pimephales promelas

8 123.6 Cladoceran,     ¯ 160 .....
Daphnia magna

Cladoceran,                             95.55
Daphnia pulex - .          ""

7 102 Larg~mouth bass, 102
Micropterus salmoides

°6 102 Black crappie, 102
Pomoxis nigromaculatus

5 99.28 Bluegill, 99.28 7.316
Lepomis macrochirus

4 92.64 Yellow perch, 92.64
Perca flavescens

3 90.00 Atlantic salmon, 90.00
Salmo salar

~ 2 85.80    B~ook trout, .~ 85.80 10.59
Salvelinus fontinalis"

1 44.73 Rainbow trout 44.73
Oncorhynchus mykiss
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* ~Ranked from most resistant to mo~t sensitive basedon Genus Mean Acute
’"     Value.

** Not used in the calculation of the Final Acute-Chronic’Rati0~               .

Calcul~ted FAV = 45.77 ug/L

Lowere~ to protectrainbow trout:

FAY = 44.73 ug/L

FACR = 8.568 .... . .

FCV = FAV/FACR = i44.73 us/L)~(S.SeS) = 5.221 us/n = CCC

F-3
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Tier 1 Aquatic Life criterion for Dieldrin

The new acceptable achte data for dieldrin are given in Table GI;
no new acceptable chronic data were.found. These new data were
used with those given in Tables i and 2 of the criteria document
fordieldrin(U.S. EPA 1980) to obtain the values given.in Table
G2. Although results from the following publications were used
in U.S. EPA (1980), they were not considered acceptable for use
here: Santharam et al. (1976), Gaufin (1965), and Jensen and
Gaufin (1964) " -

Criierion Maximum Concentration (CMC)

The Final Acute Value-(FAV) was calculated using the four lowest
.Genus Mean Acute Values given in Table G2, resulting~in a FAV of
0.4749 ug/L. This value did not need to be lowered toprotect
commercially or recreationally important species of the Great~ "
Lakes System. The CMC was calculated by dividing the FAV by 2,-
resulting in a CMC of 0.2374 ug/L.

Criterion Continuous Concentration (CCC)

Insufficient chronih toxicity data were available to c~iculate a
Final Chronic Value (FCV) using the eight-family procedure.~ ...
Sufficient chronic datawere available to calculate a FCVby
dividing.the FAV ~y the Final Acute-Chronic Ratio .(FACR)...~.Tw0
SMACRs were given in Table G2; a third SMACR of 6.2 was given in
U.S. EPA (1980)’ for the saltwater mysid. These three were within
a factor of 1.8. TheFACE was calculated as the geometric mean
of the three SMA’CRs and was 8.530. The FCV = FAV/FACR = ~(0.4749
..ug/L)/(8.530) = 0.0557 ug/L. This value did not need tobe

¯ lowered to protect a commercially or recreationally important
species of the Great Lakes System. The CCC was 0.0557 ug/L.

-The Criterion

The procedures dgscribed in the~GLI Tier 1 methodology indicate
that, except possibly where a locally, important species is very
sensitive, aquatic organisms should not be affected unacceptably
if the four,day average concentration of dieldrin does not exceed
0.0557 ug/L more.than once every three years on the average and
if the one-hour average concentration, does not exceed 0.2374 ug/L
more than once every three years on the average.
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.Table GI. New Acute Values .for Dieldrin .~

’ Test Acute
’ ¯ Duration Value

Species " Method* (hrs) (ug/L)~.° Reference

._ ............... ~._L~..L .......... J ....... ’ ........ "-~-.- .............. " .....

Cladoceran, ~. Daniels and
Daphnia pulex ~ . S,M 48 251 .           Allan 1981

Cladoceran, Mayer and
Daphnia pulex ~. S,U 48 190 . Ellersieck 1986

Stonefly, : - Mayer and
, Claassenia sabulosa S,U 96 0.6- Elle~sieck 1986

-’Stonefly, Mayer and
Pteronarcys californica S,U 96 0.5 Ellersieck 1986

Stonefly, ~ Mayer and¯
Pteronarcella badia S’U 96 0.5 Ellersieck 1986

Damselfly, Mayer and
Ischnura verticalis S,U 96 12 Ellersieck 1986

Annelid,~ U.S. EPA 1991
Lumbriculus variega~us FT,M 96 2i.8

R̄ainbow trout, Mayer and
Oncorhynchus mykiss. S,U 96 I.~** Ellersieck 1986

Rai~ow trout, Shubat and
Oncorhynchus mykiss FT,M 96 0.62 Curtis 1986

Rainbow trou£,’. ~ .’Va~ Leeuwen
Oncorhynchus mykiss S,U 96 3** et al. 1985

Goldfish’, ’ ’ " ~ Mayer and
Carassius auratus S,U 96 "" 1.8 Ellersieck 1986

9athead minnow, Mayer and
Pimephales promelas S,U 96 3.8 Ellersieck 1986

Bluegill, Mayer and
Lepomis macrochirus S,u 96 3.1 Ellersieck 1986

Bluegill, Sanders 1972
Lepomis macrochirus S,U 96 7

Pumpkinseed, Cairns and
Lepomis gibbosus S,U 96 ’6.7 Scheier 1964

Cutthroat trout, -~ Mayer and
Oncorhynchus clarki S,U 96 6~ Ellersieck 1986
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T~bl% G1.~ (Cont.)                    ~                ’

¯ " Test. .Acute
" Duration Value

Species. Method* (hrs) (ug/L) Reference

Chmmel catfish, : M~yer and
Ictalurus punctatus ’ S,U : 96 . 4.5 .Ellersieck 1986

Largemouth bass, - Mayer and
,.      .Micropterus salmoldes S,U 96 3.5 Ellersieck!986

~ .....................

" * S = static, FT = flow~thr0ugh, U = unmeasured, M = ~easured.
¯* Not used in the calculation of the SNAV because data were available for

this species from a "FT,M" test.
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TableG2. Ranked Genus Mean Acute Values for Dieldrin ....

Genus Mean. Species Mean Species Mean
Acute Value ~           .’ Acute Value Acute-Chronic

Rank* " (ug/L) Species ~. ~ (ug/L) Ratio

18 ..740 Crayfish,
~ Orconectes nais 740

17 534 Amphipod,
Gammarus lacustris 460’

-̄ A~nphipod,
Gammarus fasciatus 620

..16 228 ’.Cladocera~,
Daphnia pulex 228

15        214        Cladoceran,               ¯
Simocephalus serru~atus         214

"’14       21.8 ~Anneli~,       "
Lumbriculus. variegatus            21.8

13 20 Glass shrimp
Palaemonetes kadiakensis 20

12 17.7 Fathead minnow,
Pimephales promelas 17.7

II 12 Damselfly,
"" Ischnura verticalis : 12

I0 8.6 G~idfish,. ~¯~ .
Carassius auratus 8.6

9 8.5 - Pumpklnseed,"
Lepomis gibbosus    " 6.7

Bluegill,
Lepomis macroc~irus 11.5

Green sunfish,
L~pomis ..cyan?llus 8.1 .....

8 5 Isopod,.
Asellus brevicaudus 5

7 " 4.5     Channel catfish~
Ictalurus punctatus ~.5

6 4.5 Guppy,    ¯
Poecilia reticulata 4.5 9.1
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yable G2. (Cont.) " .,
¯

Genus Mean Species Mean S~ecies Mean
Acute Valu~ ’ Acute Value Acute-Chronic

Rank* (ug/L)    ~    Species (ug/L) .- Ratio

5 3.5 Largemouth bass,
Micr?pterus salmoi~es 3.5 ..... "

4 0.62** Chinook Sal~on,
Oncorhynchus tshawytscha 6.1 .....

-?
’Coho salmon,
~Oncorhynchus kisutch 10.8

Cutthroat trout,
Oncorhynchus clarki 6

"~ Rainbow trout, " "
Oncorhynchus mykiss 0.62 II

3 0.6 Stonefly,
Claassenia sabulosa 0.6

2 0.5     SSonefly,
Pteronarc~s californica 0.5

1 L0.5 Stonefly,.
Pteronarcella badia 0.5

* Ranked from most resistant to most sensitive based on Genus Mean Acute
Value.                                                                          "    .

** The GMAV was set. equal to. the lowest SMAV due to the large range ih the
SMAVs in this genus"                     ¯                                 .-     ...    "

FAV = 0.4749 ug/L

CMC = FAV/2 = 0.2374 ug/L                               ¯

FACR’= 8.530

FCV = FAV/FACR = (0.4749 ug/L)/(8.530) = 0.0557 ug/L = CCC
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GREAT LAKES WATER QUALITY INITIATIVE

Tier i Aquatic Life Criterion for Endrin

The new acceptable acute data for endrin are given in Table. Hl;
no ~ew acceptable chronic data were found. These new data were
used with those given in Tables 1 and 2 of the criteria document
for endrin (U.S. EPA 1980) to obtain the values given in Table
H2. Results in the following publications were used in U.S. EPA
(1980) but were not considered acceptable for use here: Katz and
Chadwick (1961), Naqui and Ferguson (1969), Nebeker and Gaufin
(1964), Gaufin et al. (1965), Jensen and Gaufin (1966), Post and
Schroeder (1971),Mount (1962), and Solon (1969).

Criterion Maximum Concentration (CMC).

The Final Acute~alue (FAV) was calculated using the fou~.lowest
Genus Mean Acute Values given in Table H2, resulting in a FAV of
0.1728.ug/L. This value did not need to be !owered to protect a
commercially or recreationally important species of the Great
Lakes System. The CMC was calculated by dividing the FAV by 2,
resulting in a CMC of 0.0864 ug/L.

Criterion Continuous Concentration (CCC)

Insufficient chronic toxi.city data were available to calculate a
Fina! Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic data were .available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR)..Four
ACRs.were given in U.S. EPA (1980) but the ACR for the~fathead
minnow was cohsidered’unaccePtable for.use here. ACRs of 1.9 and
.18 were determined with saltwater species, whereas an ACR of 3.3
was obtained with a freshwater species (Table H2); the three were
within a factor of 9.5. The FACR was calculated as the geometric
mean of the other three and was 4.833. The FCV =F~V/FACR =
~(0.1728 ug/L)/(4 833) = 0.03575 ug/L. This value did not need to ¯
be lowered to protect a commercially or recreationally~important
species of the Great Lakes System. The CCC was 0.03575 ug/L.

The Criterion

The procedures described in the GLI Tier 1 methodology indicate
that, except possibly where a locally important species is very
sensitive, aquatic organisms should not be affected unacceptably
if the four-day average concentration of endrin does not exceed
.0.03575 ug/L more than once every three years on the average and
if the one-hour average concentration does not exceed 0.0864 ug/L
mor~~ than once every three years on the average.

H-I
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Table HI. "New Acute Values for Endrin

. Test    Acute
Duration Value

¯ Species Method* (hrs) ~. (ug/L) Reference

Cladoceran,
Ceriodaphnia reticullta S,U 48 24

Cladoceran,
.Daphnia magna . .~ S,U 48 4.2 Mayer and Ellersieck 1985

.Cladoceran,
Daphnia magna S,U 48 59 Elnabarawyet.al-. 1986

Cladoceran, ¯
Daphnia magna S,U 48 41 Mayer. and Ellersieck 1985

Cladoceran,.. ¯
Daphnia magna S,U 48 74 Mayer and Ellersieck 1985

Cladoceran,
Daphnla magna S,M 48 160 Thurst0n et al. 1985

Cladoceran,
Daphnia pulex S,U 48 " 20 Mayer and Ellersieck 1985

Cladoceran,
Daphnla pulex S,U 48 30 Elnabarawy et al. 1986

Annelid,
Lumbrlculus variega~us FT,M 96 42.6 U.S. EPA 1991

Snipe fiy,
Atherix variegatus S,U ~96 4.6 May4~ and Eller~ieck 1985

Midge,
Tanytarsus dissimilis S,M 48 0.84 Thurston et al. 1985

Stonefly,
Acroneuria pacifica .S,U 96 >0.18-* Mayer and Ellersieck 1985

Crayfish, "
Orconectes immunis FT,M 96

¯
89 Thurston et al. 1985

.Damselfly,
Ischnura verticalls ~S,U 96 2.4 Mayer and Ellersieck 1986

Damselfly,
Ischnura~verticalis S,U 96 2.1 Mayer and Ellersieck 1986

Yellow perch,
Perca flavescens FT,U 96 0.15 Mayer and Ellersieck 1986.

Largemouth bass,
Micropterus @~Imoides S,U 96 0.31 Mayer and Ellersieck 1986

Black bullhead,
Ictalurus melas S,U 96 I.I Mayer and Ellersieck 1986

D--038757
D-038758



Table HI.’ (Cont.)              ¯

" Test    Acute
Duration Value

Species Method* (hrs) (ug/L)    _ Reference-

Channel catfish,
Ictalurus punctatus ~- S,U 96 0.32*** Mayer and Ellersieck 1986

Chann~l catfish,.
Ictalurus punctatus S,U 96 ’ I.i*** Mayer and Ellersieck 1986

Channel catfish,
Ictalurus punctatus. FT, M 96 0.42     Thurston et.al. 1985

Rainbow trout,
Oncorhynchus mykiss S,U 96 0.75*** Mayer and Ellersieck 1986

Rainbow trout,
Oncorhynchus mykiss ~ FT,M 96 0.3 Thurston et al. 1985

Goldfish,
Carassius auratus FT,U 96 0.44*** Mayer and Ellersieck 1986

Goldfish,
¯ Carassius auratus FT,M 96 0.95     Thurston et al. 1985

Fithead minnow,
Pimephales promelas S,U 96 1.8"** Mayer and Ellersieck 1986

Fathead minnow,
Pimephales promelas .FT,M 96 0.65 Thurs~on et al. 1985

Mosquitoflsh,
Gambusia affinis S,U 96 1.1**~ Mayer and Ellersieck 1986

Mosquitofish,
Gambusia affinis FT,M 96 0.69 Thurston etal. 1985

Carp, :
Cyprlnus carpio. FT, U 96 0.32 Mayer and Ellersieck 1986

Bluegill,
Lepomis macrochirus FT,M 96 0.21 Thurston et al. 1985

Bullfrog tadpole, ¯
Rana catesbeiana FT,M 96 2.5 Thurston et ~I. 1985

¯ FT = flow-through, S = static, U = unmeasured, M = measured.
¯ * Not used in the calculation of the FAV because it is not appropriate to

have one of the four lowest GMAVs be a "greater than"" value.
¯**i Not used in the calculation of the SMAV because data were available for

this species from a "FT,M" test~
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Table H2. Ranked Genus Mean Ac~te Values for Endri~ .~

¯

O

Genus Mean ~ Species Mean Species Mean
Acute Value Acute Value~ ¯ Acute- Chronic

Rank* (ug/L) Species ¯ (ug/L) Ratio

27 64~ ¯ Mayfly, 64
Hexagenla bilinea~a

26 ~ 53 Crayfish, 32
; . Orconectes nais

Crayfish,.                           89 ’
Orconectes immuni s

25 43 Annelid, 43
Lumbriculus variegatus

24 38 ~Cladoceran, 59
Daphnia magna

¯ Cladoceran, 24
Daphnia pulex

23 34 Cladoceran, 34
Simocephalus serrulatus

22 .24. Cladoceran, 24 "" .....
Ceriodaphnia reticulata

21 4.6 Snipe fly, 4.6
¯ Atherix va.riegatus

20 3.0 Amphipod, 3.1
Gammarus fasciatus

Amphipod, 3.0
Gammarus lacustris

19 2.5 Bu~’ifrog tadpole 2.5
Rana catesbeiana

18 2.1 - Damselfly, 2.1
Ischnura verticalis

17 1.6 Guppy, 1.6
.~ Poecilia retic .ulata

16 I. 5 Isopod, 1.5
Asellus brevicaudus

15 i. 3 Glass shrimp, I. 3
¯ Palaemonetes kadiakensis

14 0.95 Goldfish, 0.95 - - - "-
Carassius auratus
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¯ Table H2. [Cont.) . .. ~......    ...

Genus Mean .Species Mean Specles.Mean
Acute Value Acute Value Acute-Chronic

R̄ank* (ug/L) Species . ’ (ug/L) . : . Ratio

13 0.85 Flagfish, 0.85 3.3
Jordanella floridae ~’~

12        0 ~84    Midge,       -"                 0 ~ 84
:

Tanytarsus dlssimilis

II 0.76 Stonefly, 0.76
’" Claassenia sabulosa

I0 0.~9 Mosquitoflsh, 0.69
. Gambusia affinis ~

9 0.68 Black bullhead, I.i
.’ Ictalurus melas

Channel catfish, 0.42
Ictalurus punctatus

8 0.57 Coho salmon, 0.51
Oncorhynchus kisutch

Chinook salmon, 1.2
Oncorhynchus tshawytscha ~

Rainbow trout, 0.3
.Oncorhynchus mykiss

7 ¯ 0.54 Stonefly, 0.54
Pteronarcella badia _

6~ 0.49 Fathead minnow, "" 0.49 --~--
Pimephales promelas -

5 0.32      Common carp, 0.32
Cyprinus carpio

4 0.31 Largemouth bass, 0.31 ......
"Micropterus salmoides

3           0.25       Stonefly,¯                                0.25
~teronarcys 6alif0rnica

2 0.21     Bluegill, . 0.2!
Lepomis macrochirus

1 " 0.15 Yellow perch, 0.15 -~
Perca flavescens

* Ranked from most resistant to most sensitive based on Genus Mean Acute
Value.
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FAY = 0.1728 u~/~. ’ ~
¯

CIqC = F~v/2 = 0.~864 ug/L

FACR = 4.833 ~

FCV = FAV/FACR = (0.1728 ug/L)/(4.833) = 0.03575 ug/L = CCC
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Tier lAquadic Life Criterion for Lindane~.

The new acceptable acut~ data for lindane are given in Table If; ,
no new acceptabl9 chronic data were found. These new data were
used with those givenin Tables i and 2 of the criteria document
for. lindane. (U.S. EPA1980) to obtain the values given in Table
I2.

Criterion Maximum Concentration (CMC).

The Fi~ai Acute Value (FAY) was calculated usingLthe four lowest
Genus Mean Acute. Values given in Table I2, oresulting in a FAV of
1.903 ug/L. This .value did not need to be lowered to protect a
commercially or recreationally important species of the Great
Lakes System. The CMC was calculated by dividing the FAV-by.2,
resulting in a CMC of 0.9515 ug/L.

Criterion Continuous"Co~centration (CCC)

Three ACRs were given in U.S. EPA (1980) but the ACR for the
fathead minnow was considered unacceptable’f0ruse here. No new

.ACRs were available and so a FCV could not be calculated using
either the eight-family procedure or the FACR Procedure
Therefore; a CCC could not ~be determined.

The-Criterion ’                                  ~

The procedures d~scribed in the GLI Tier i me£hodology indicate
that, except possibly where a locally important species is very
sensitive, aquatic organisms should not be affected unacceptably
by acute toxicity if the one-hour average concentration of
lindane.does not exceed 0.9515 ug/L more than onceevery three
years on the average.                                  ..
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Table I1. ’New Acute ~alues f~r L~dane                                                   .~"

¯ Test " Acute~
Duration .Value

Species Method* (hrs) (ug/L)     Reference

z ..................... .-t ......... ~ ....................... ~ ...... ~.- .... 7..

Cladoceran, Randail
Daphnia magna S,U . 48 516 et al. 1979

Cladoceran, " . Hermens
Daphnia magna S,M 48 i000 et al. 1984

Amphipod, Mayer and .
G~mnarus lacustris S,U 96 38 Ellersieck’1986

Snail, ’" .Bluzat ~nd
Lymnaea stagnails S,U 96 3.3 Senge 1979 ¯

~tonefly, ~" . . Mayer and
.. Pteronarcys californicus S,U 96 ~4.5 Ellersieck 1986

Stonefly~ Mayer and
Pteronarcys californicus S,U 96 1 Ellersieck 1986

Damselfly, Fedexle and -
Lestes congener S,U 96 20 Collins 1976

Backswimmer, Federle and
Notonecta undulata S,U 96 3 ’~ollins 1976

Crawling water beetie, Federle and
Peltodytes sp. ~S,U 96 20 Collins ~976

Coho salmon, Mayer and -.
Oncorhynchus kisutch S,U 96 23 Ellersieck 1986

Lake trout, " " . Mayer and ¯
Salvelinus namaycush S,U .96 32 Ellersieck 1986

Lake trout, . Mayer and
Salvelinus namaycush S,U 96 24 Ellersieck 1986

Brown trout, Mayer.and
Salmo trutta S,U 96 24 Ellersieck 1986

Brown trout, Mayer and
Salmo trutta S,U 96 25 Ellersieck 1986

Brown trout, Mayer and
Salmo trutta -. FT,U 96 22 Ellersieck 1986

Rainbow trout, Tooby and
Oncorhynchus myklss FT,M 96 22 Durbin 1975

Rainbow trout,~     - Mayer and
Oncorhynchus mykiss S,U 96 18"* Ellersieck 1986

"Rainbow trout, Mayer and .
Oncorhynchus mykiss S,U 96 -24** Ellersieck 1986

I-2
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.. Test Acute
¯ ." Duration Value

Species Method* (hrs) (ug/L). .Reference

Rainbow t~out, " Mayer and
Oncorhynchus ~mykiss S,u 96 31"* Ellersieck 1986

~Ralnbow trout, Mayer and
Oncorhynchus mykiss S,U ~6 41"*" .Ellersieck 1986

~Rainbow trout, ~ ~ Toobyand
9ncorhynchus mykis~ FT,M 96 30 Durbin 1975

Bluegill, Randall
Lepomis macrochirus S,U 96 57 et al. 1978

Bluegill, Mayer and
Lepomls macr0chlrus S,U 96 [56 Ellersieck 1986

Green sunfish, Mayer and
Lepomis cyanellus S,U 96 ~70 Ellersieck, 1986

Green sunfish, -. Mayer and
Lepomis cyanellus S,U 96 83 Ellersieck 1986

Yellow perch, Mayer and
Perca flavescens FT,U 96 2~ Ellersieck 1986

Fathead minnow, Mayer and
Pimephales promelas FT,U 96 77 Ellersieck-1986

Fatheadminnow, .. Mayer and
Pimephales promelas S,U 96 67 Ellersieck 1986

Fathead minnow, Mayer and
Pimephales promelas S,U 96 .86 Ellersieck 1986

Goldfish, ¯ Macek and
Carassius auratus S,U 96 90 McAllister.1970

Goldfish, Mayer and
Carassius auratus S,U 96 105 Ellersieck 1986

Channel catfish, Mayer and
Ictalurus punctatus S,U 96 49 Ellersieck 1986

Fowlers toad, Mayer and
Bufo Woodhousei fowleri s,u 96 3200 Ellersieck 1986

Western chorus frog, Mayer and
Pseudacrls trlserlata S,U ~96 2650 Ellersle’ck 1986

* S = static, FT = flow-through, U = unmeasured, M = measured.
** Not used in the calculation of the SMAV because data were available for

this species from a "FT,M" test.
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Table I2. Ranked Genus Mean Acute Values for Lindane    "              "

: Genus Mean ’ Species Mean Species Mean
Acute Value Acute Value Acute-Chronic

Rank* (ug/L) Species .: (ug/L) Ratio

¯ 23 3200 Fowlers toad, . 3200 ."
Bufo woodhousifowleri

22 2650 Western chorus frog, 2650 ..... -
-Pseudacris triserlata

21 676 Cladoceran, 676
¯ Simocephalus serrulatus

20 538 Cladoceran, 630 33
’Daphnia magna

Cladoceran, .. 460
Daphnia pulex

19 207 Midge, 207 63
Chironomus tentans

18 ~138 . Guppy, 138
~" Poecilia reticulata

17 117 G~Idfish, 117
Carassius. auratus ~

16 90 . Carp, 90
Cyprinus carpio

15 72 Fathead mi.nnow, 72
Pimephales promelas .T.    "..

~4 71 Bluegill, 56 ......
¯ Lepomis macrochirus

Redear ~unfish, 83
Lepomis microlophus

Green sunfish, 76 ......
¯ Lepomis cyanellus

13 55 Channel catfish, 46
Ictalurus punctatus

Black bul~head, -. 64 .....
Ictalurus melas :

12 40 Yellow perch, 40 .....
Perca flavescens

II 35 Brook trout, 44
Salvelinus fontinalis

Lake trout,. 28
Salvelinus namaycush ...
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°Genus Mean Species Mean Species Mean
Acute Value Acute Value    Acute-Chronic

Rank* (ug/L) SPecies ¯ (ug/L} ’ ° Ratio

I0 33 Rainbow trout, 26
¯ 0ncorhynchus mykiss "

Coho salmon~ 36
¯ Oncorhynchus kisutch

C̄hinook salmon, . 40
0ncorhynchus tsawytscha

~ 32 Largemouth bass, ~. 32
Micropterus salmoides

8 26.11 Amphipod, ¯ 10.49
Gammarus fasciatus

’Amphipod, 65
Gammarus lacustris

7 20 ’ Damselfly, 20
Lestes congener

~ 20 ¯ Crawling water beetle, 20
Peltodytes sp.

5 13 Brown trout,
;

13
Salmo trutta ~ ,. ....

4 I0 Isopod, I0
Asellus brevlcaudus

3 3.3 Snail, 3.3
Lymnaea stagnalis

2 3 Backswimmer, 3
Notonecta undulata

1 2.1 Stonefly, 2.1
Pt~ronarcys californicus~

¯ Ranked from most resistant to most sensitive based on Gengs Mean Acute
Value.

FAV = 1.903 ug/L

CMC =  AV/2 = 0.9SlS ug/L,
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GREAT LAKES WATER QUALITY INITIATIVEs,

Tier i Aquatic Li~e Criterion for Mercu.ry(II)

Thenew acceptable acute data for mercury(II) are given in Table
Jl; no new chronic data were used. These new data were used with
those given, in Tables 1 and 2 of the criteria document for
mercury(II) (O.S. EPA 1985) to obtain the values given in Table

Criterion Maximum Concentration (CMC) .                  , ¯

The Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values given in Table J2, resulting in a FAY of
3.388 ug/L. This value did not need to be lowered to protect a.
commercially"or recreationally important species of the Great
Lakes System. The CMC was calculated by dividing the FAV by 2,
resulting in a CMC of. 1.694 ug/L as total recoverable
mercury (II) .

Criterion ContinUous Concentration (CCC)

Insufficient chronic toxicity data were avaiiable to calculate a
Final Chronic Value (FCV) using the eight-family’procedure.
Sufficient chronic data were available to calculate a FCVby
dividing the FAV by the Final Acute-Chronic Ratio,(FACR). ACRs
were given for two freshwaterspecies and one saltwater species
in U.S. EPA (1985). The ACR obtained with the more resistant
fathead minnow, was much higher than the other¯ two. The ACR
obtained with th~ saltwater mysid was ¯3.095:and was~similar to

.the Species Mean Acute-Chronic. Ratio of,4.498 for Daphnia magna.
The FACR was calculated as the geometric mean of the two SMACRs
and was 3.731. The FCV = FAV/FACR = (3.388 ug/L)/(3.731) =
0.9081 ug/L. This value did not needto be lowered to protect a
commercially or recreationally importantspecies of the Great
Lakes System. The CCC was 0.9081 ug/L as total recoverable
mercury(II).

The Criterion

The procedures described in the GLi Tier ~i methodology .indicate
that, except possibly where a locally important species is verysensitive, aquatic. organisms should not be affected unacceptably

if the four-day average concentration of merhury(II) does .not
exceed 0.9081 ug/L more than once every three years on the
average and if .the one-hour average concentration does not exceed
~1.694 ug/L more than once every three years on the average"
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Table Jl. New Acute Values for MercuryiII)

Acute
Value

Species’ Method* . (ug/L) Reference

"Cladoceran, "" Elnabarawy
Ceriodaphnia reticulata S,U ; 2~9 et al. 1986

Cladoceran, Elnabarawy
Daphnia magna, S~U 9.6 -; et al. 1986

Cladoceran, ~., .. ElnabarawY
Daphnia pulex S,U . ’ 3.8 et al. 1986

Amphipod, Martin and
Crangonyxpseudogracilis s,U 1.0"* Holdich 1986

Midge, ¯ , Rossaro .
Chironomus rlparius S,M 750 et al. 1986

¯
Mosquitofish, Paulose 1988
Gambusia affinis S,U 230 ’

Wilking catfish, Kirubagaran
Clarias batrachus S,U 375 and Joy 1988

Fathead minnow, Spehar and .
Pimephales promelas. FT,M 172 Fiandt 1986 "

Guppy, , : Khangarot
Poecilia reticulata R,U 26 and Ray 1987

¯ S = static, R = renewal, "FT = fl~w-~hrough, U = unmeasured, M = measured.
¯ * Not used in the derivation of the criterion because the corresponding 48-       ’    ¯

hr LC50 is 470 ug/L, which is an unusually large decrease in the LC50 from          "
48 to 96 hours.

D--038770
D-03877"I



Table J2. Ranked G~nus Mean~cute ¯Values for Merc~(I~)

Genus Mean Species Mean~ Species Mean
Acute Value ’ .Acute Value Acut@-Chronic

~ Rank* ¯ (ug/L) : Sp~cie~                      . (ug/L) ..o Ratio

29 2000 ~tone~ly, 2000 ......
Acroneurla lycor!as

28 2000 .Mayfly, 2000 ......
Ephemerella0subvaria

27 2000 Caddisfly~ 2000
Hydropsyche betteni

26 1200 Caddisfly, 1200
(Unidentified)

° : 25 1200 " ."Damsel~ly, ’ J" 1200
(Unidentified)

24 i000 worm,    ¯ I000
Nais sp.

23 I000 Mozambique tilapia i000
¯ Tilapia mossambica

22 406.2 Tubificid worm, 330
Spirosperma ferox

Tubificid worm~ 500
Spirosperma nikolskyi

.21 375 Waiking catfish, 375 ¯
~ Clarias batrachus :

20 370 Snail, 370.
Aplexa hypnorum

19 257 Cohosalmon, 240
Oncorhynchus kisutch

Rainbow trout, 275
Oncorhynchus mykiss

18 . 250 Tubificid worm, 250
Quistadrilus multisetosus

17 240 Tubificld worm, 240
¯ Rhyacodrilus montana

¯ 16 203 Mosquitofish, 203
Gambusia affinis

15 180 Tubifi6id worm, 180
Limnodrilus hoffmeisteri

if-3
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Table J2 t - (Cont.) .!- .

.Genus Mean. ~ Species Mean Species Mean
Acute Value Acute Value Acute-Chronic

Rank* (ug~L) "Specie~ (ug/L) Ratio

-~ ....................... . ........ , .......... .~ ...... .~.~ .... ~ .................
¯14 i~3 Fathead minnow, "163 > 649.2**

Pimephales promelas

13 160 Bluegill, 160
.. Lepomls maCrochirus

12 140 Tubi~icid worm, 140
Tubifex tubifex

ii 140 Tubificid worm’, 140
" Stylodrilus heringianus

10 122-** Midge,. ’" 20
Chironomus sp.

Midge, 750
Chironomus riparius

9 " 100 . . Tubificld worm, I00
Varichaeta pacifica ’

8 80 .Tubificid worm, ’ 80
Branchiura sowerbyi

7 80 Snail, ,80
Amnicola sp. - .. .-

6 5q Crayfish,.. 50
0rconectes limosus

5 28 Guppy~ 28
Poecilia reticulata

4 20 Crayfish, 20
Faxonella c!ypeatus

3 10 Amphipod, 10
Gammarus sp.

2 ¯ 3.3 . Cladoceran, 3.7 4.498
Daphnia magna

Cladoceran, 2.9
Daphnia pulex

1 2.9 Cladoceran, 2.9 .....
Ceriodaphnia reticulata

T .... ~ ...... ~ ............ ~’~ ...... ’ ..... ~." ......... ~’-
¯ . Ranked from most resistant to most sensitive based On Genus Mean Ac~te

Value.                                                       "
¯ * Not used in the calculation of the Final Acute-Chronic...Ratio.

;
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****" This GMAV was not set *equa! to the lowest SMAV    *:’ because .the species was
~*. not identified.

¯ . .* FAV = 3.388 uS/L .. i ,

me = Fay/2 = 1.694 us/L      " .... "
FACR = 3.731
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¯ GREAT "LAKES WATER QUALITY INITIATIVE:

¯ Tier 1 AquaticLife .Criterion for Nickel

The new acceptable acute daiafor nicke! are given in Table KI;
-nonew acceptable chro~ic data were .found. ..These data..were used
with those given.in Tables i and 2 of the criteria document for
nihkel (U.S. EP~1986) ¯to obtain the values given in Table K2.
Some of the SMAVs in Table K2 differ from those given in Table 3
in U.S. EPA (1986) because preference was given to "FT,M" tests
in Table K2. Because othe.toxicity of nickel is hardness-
dependent, all acute values in Table K2 have been adjusted to a
hardness of~50 mg/L.

Criterion Maximum Concentration (CMC)

The Fina! Acute Value (FAY) was calCulated~using the four lowest/
Genus-Mean Acute Values in Table K2, resulting in an FAV of 522
ug/L at a-hardness of 50 mg/L. This value did not need to be
lowered to protect a commercially or recreationally important
species of the Great Lakes System. The CMC was calculated by
dividing the FAV by 2, resulting in a CMC of 261 ug/L, as tota!
recoverable nickel, at a hardness of 50~mg/L.. The CMC was
related to hardness using the slope of 0.846that was derived .in
U.S. EPA (1986):

0.846 (in hardness) + 2.255
CMC =e

Criterion Conti~uous Concentration iCCC)

Insufficient chronic toxiciZy data were available to calculate a
Final Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). SMACRs
were available.for, two freshwater species and one saltwater
species (U.S. EPA 1986). The saltwater ACR was 5.478 and the
three are within-a factor of 6.5. The FACRwas calculated as the
geometric mean of the three ACRs and was 17.99. The FCV
FAV/FACR .= (522 ug/L)/.(17.99) = 29.02 ug/L at ahardness of 50
mg/L. This value did not need to-be lowered to protect a
commercially or recreationally important species of the G~eat
Lakes System. Thus the CCC was 29.02 ug/L, as total recoverable
nickel, at a hardness of 50 mg/L. The CCC was related to
hardness .using the slope of 0.846:

-
CCC = e 0.846(ln hardness) + 0.0584
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oT~e Criterion ~- .

Theprocedures described in the GLI tier 1 methodology’indicate
that, except possibly Where a locally.important species is very
s~nsitive, aquatic organisms should not be affected unacceptably
if the four-day ~verage concentration of nickel does not exceed
the numerical value. (in. ug/L) g~ven by the equation

0.846(in hardness) + 0.0584
CCC = e

more than.ohce every-three years on the average and if.the
one-hour average concentration does not exceed the numerical
value (in ug/L) given by the equation                  -

0.846(in hardness) + 2.255.

"more than once every three years on the average.
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Table K1. New Acute Values for Nickel ~" :. ’ °

¯ Adjusted’
¯ ~ .. Hardness Acute ~Acute

(mg/L as Value Value
i

species Method* CaC~) (ug/L) (ug/L) ** Reference

Snail, : FT,U 26 239- 416 NebekerPhysagyrina -~ et al. 1986
Amphlpod, S,U ~ 50 66,100 66~I00 "Martin and
Crangonyxpseudogracills Holdich 1986

Midge, (ist instar) S,U 55 ~72,4~0 66,791 ’Powlesland andChlronomus riparls George 1986
Midge, (Ist instar) S,U 55 81,300 75,002 Powlesland and.. Chironomus rlparls

George.1986

Mid~e, (Ist instar) S,U 55 84,900 78,323 Powlesiand andChironomus riparis George 1986
Midge, (2nd instar) S,U 55 184,000 169,746 Powlesland andChironomus riparis*** George 1986

Midge, (2nd instar) S,U~ 55 150,000 138,380 Powlesland andChironomus riparis*** " .’George 1986
Midge, (2nd instar) S,U 55 174,000 160,521 Powlesland and
Chlronomus rlparis,~, George 1986

* S = static, FT = flow-through, U = unmeasured.
** Adjusted to a hardness of 50 mg/L using a sl6pe of 0.846.
*** Not used in th~ calculation of the SMAV because data were available for

more-sensitive life stage.
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Table K2~ Ranked ’Genus Mean Acute Values for Nickel..’ .’~

Genus Mean Species Mean Species Mean.
Acute Value Acute Value .Acute-Chronic

Rank* (ug/L) ** ~ Species (ug/~) ** Ratio

~I 73208 " Midge, . 73208-
~ Chironomus ripar~s

20 66100  mp ipod, 66100
Crangonyxpseudogracili°s

19 43250 Banded killifish, 43250 .....
’ Fundulus diaphanus

18          40460       Stonefly,¯                           40460
.Acroneuria lycorias

17 30200 Caddisfly . 30200
Unidentified sp"

16 21320 Goldfish, ’~ 21320 .....
Carasslus auratus

15 21200 Damselfly, 21200
Unidentified sp.

14 14100 Worm, 14100
Nais sp.

13 13380       Rainbow t~out, 13380
0ncorhynchus mykiss

12 13000 Amphipod, ". 13000 ......
~Gammarus sp. ~ ’

II 12770 Snail, .12770
Amnlcola sp.

~0 ~ 12756" Pumpkinseed, 7544
Lepom!s gibb~sus..

Bluegill, 21570
Lepomis macrochirus

9 12180 American eel, 12180
Anguilla rostrata

8 9839 C~mmon carp, 9859
Cyprlnus carpio

~ 9661 Guppy, 9661
Poecilla reticulata

6 8697 White perch, 12790
Morone americana

" Striped bass, 5914
Morone saxatilis

K-4
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Table K2. (cont.)                                               :-       .’

Genus Mean.                       ..              Species Mean Species Mean
Acute Value                                   Acute Value    Acute-Chronic

Rank*       (ug/L) **        Species                     (ug/L) **          Ratio

5            6707        Fathead minnow,                     .:6707              35.58     ¯
Pimephales promelas.

4                4636          Mayfly,                                            4636
Ephemerella subvaria

3          4312       Rock bass,                          4312
..Ambloplites rupe~tris

2            1500        Cladoceran,                            2042
Daphnla pulicaria

Cladoceran,                            1102              29.86
DaPhnia magna      .

1              416         Snail,                                        416
Physa gyrina

............................. L~.._L._~_..- ...................................

* Radked from most resistant to most sensitive based 6n Genus Mean Acute
Value.

** At hardness = 50 mg/L.

At’hardness = 50 mgiL:

FAV = 522 ug/L.                       ~

CMC = FAV/2 = 261 ug/L

As a function of. hardness:

0.846 (In hardness) + 2.255
CMC--e

FACR = 17.99

At hardness = 50 mg/L:

FCV = FAV/FACR = (522 ug/L)/(17.99) .= 29.02 ug/L = CCC

As a function of ha.rdness:

0.846 (in hardness) + 0.0584
CCC = e

¯
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GREAT LAKES ~ATE~ QUALITY INITIATIVE "

.Tier I Aquatic Life Criterion for Parathion

No new acceptable acute or chronic data for parathion were found.
Therefore, the data given in Tables I and ~ofothe criteria
document for parathion (U.S. EPA 1985) were used to obtain the
values given in.~Table LI.                              .’    .~.

Criterion Maximum Concentration (CMC)

Some of the Genus Mean Acute Values given in. Table3 of U~S.. EPA
"(1985) were changed because of the new taxonomy for salmonids and
becauseonly one value was calculated for the genus Chironomus;
these.changes did not affect the FAV. The Final Acute Value
(FAV) was.calculated using~ the four lowestGenus Mean Acute

.Values given:in Table LI, resulting in a FAV of 0.1299 ug/L.
This value did not need to be lowered to protect a commercially
or recreationally important species of the Great .Lakes System.
The CMC was calculated by dividing the FAV by 2, resulting in a
CMC of0.06495 ug/L.

CriterionConti~u0us Concentration (CCC)

Insufficient chronic toxicity data were available to calculate°a
Fina! Chronic Value, (FCV) using the eight-family procedure.~
Sufficient chronic data were available~t0 calculate a FCV by,~
dividing the FAV by the Fina! Acute-Chronic,Ratio (FACR).. Three
Species~Mean ACRs were available (Table LI). ~.The ACRs obtained
with the resist~nt ~fishes were much higher than that ~obtained
with the sensitiye cladoceran. To make the FACR appropriate for"
sensitive species, it was set equal to the ACR of i0.i0 obtained
with the cladoceran. The FCV = FAV/FACR = (0.1299 ug/L)/(10.10)
=~0.01286 ug/L. This value did ~ot need to be lowered to protect
a commercially or recreationally important species of the Great
Lakes System. The CCC was 0.01286 ug/L., ~

The Criterion

The procedures described in the GLI Tier 1 methodology indicate
that, except possibly where a locally important species is very
sensitive, aquatic organisms should not be affected~unacceptably
if the four-day average concentration of parathio.n does not
exceed 0.01286 ug/L more than once every three years on the
aver,age and if the one-hour average concentration does not exceed
0.06495 ug/L more than once every three years on the average.
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Table L1. Ranked Genus Mean Acute Values for Parathion¯ o~ ¯

Genus Mean "Species Mean Species Mean
¯ Acute Value " .Acute Value Acute-Chronic

Rank* .(ug/L) .... Species .. ~ (~g/L) " Ratio

31 5~230 Tubificid worm, 5,230
Tubifex sp.

30 5~230 Tubificid worm, 5,230
Limnodrilussp.

29 2,650 Channel catfish, 2,650
Ictaluru~ punctatus

28 2,223 Goldfish, 2,22~-
Carassius auratus

27 1,838 Brook trout, 1,760¯ Salvelinus fontinalls

Lake trQut 1,920
Salvelinus namaycush~

26 1,510 Brow~1 trout, 1,510
Salmo trutta

25.. 1,486 Cutthroat trout, "1,560 .
0ncorhynchus clarki

Rainbow trout, 1,415
Oncorhynchus gairdneri

24 1,130 Isopod, 1,130
Asellus brevicaudus"~

23 1,000 Western chorus frog, - ~ 1,000
.Pseudacris triseriata

22 839.6 "Fathea~ minnow, 839.6 79.45**
Pimephales promelas

21 688.7 Green sunfish, 930
Lepomis cyanellus

B̄luegill, 510 2121"*
Lepomis macrochirus

20 -620 Largemouth bass, ~620
Micropterus salmoides "

19 320 Mosquitofish, 320
Gambusia afflnis

18 <250 Crayfish, <250
Procambarus sp.

17 56 Guppy, 56
Poecilla reticulata ~.

L-2
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~’ Genus Mean" " Species Mean Species Mean
Acute Value Acute Value~ Acute-Chronic

Ran~* (ug/L) Species (ug/L) Ratio

¯ ~ ....... , ..... ~ .......... ¯ .......... ~ ..... ~ .... .--.-~ ..... ~..~-.i. .... . .............

16 15 . Mayfly, 15
Hexagenla bilineata

~5 ’ ’ 7.0 Beetie, -7.0
-, Peltodytes spp." .

14 5.4 Stonefly,. 5.4
~Pteronarcys californica

13               4.2        Stonef!y,.                              4.2
Pteronarcella badia

12" 3.0 Damselfly, , . 3.0 ......
" . Lestes congener :

ii 2.9 Stonefly, 2.9
Acroneuria pa~ifica

I0 .              2.739      Prawn,..                                    2.739
Palaemo~etes kadiakensis

9 2.227 Mayfly, ." 2.227
CIoeon dipterum

8 1.697"** Midge, 31
Chironomus tentans

Midge,         ~ .      ,                   1.697
Chironomus riparius

7 1.5 Stonefly, 1.5
Claassenia sabulosa

6 1.127 Amphipod, 0.3628
Gammarus fasciatus

¯Amphipod, . -. 3.5
IGammarus lacustris

5 0.8944 Phantom midge, 0.8944
Chaoborus sp.

4 0. 7746 Cladoceran, 1.0 i0. i0
Daphnia magna ."

Cladoceran, 0.60
Daphnia pulex

3̄ 0.64 Damselfly, 0.64
Ischnura verticalis

2 0.47 Clad0ceran, 0.47
’ Simocephalus serrulatus

L-3
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Table LI, (Cont.) , .~                              .~ ~ .~,~ ¯

~enus Mean Species Mean Species Mean
Acute Value Acute Value Acute-~ronic

Rank* (ug/L)    , "’.. Species (ug/L) Ratio

1 0.04 Crayfish, "" 0.04
0rconectes nals

.... . .....~ ....:-’r:----= ........:--’-~--;-"--~-.--~ .........--~ ....~-~ ....
¯ R~nked from most resistant to most sensitive based on Genus Mean Acute

Value.¯
¯ * Not used in "the. calculatlon of the’Final Acute-Chronic Ratio.
¯ ** This GMAV was set equal to the lower SMAV due to the large range in the

SMAVs in this genus.

FAV = 0.1299 ug/L

CMC = ~AV/2 = 0.06495 ug/L

FACR = i0.i0                                                       "~:

FCV = FAV/FACR = (0.1299 .ug/L)/(lO.lO) = 0.01286 ug/L = CCC
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...:          GREAT LAKES WATER QUALITY INITIATIVE

"" Tier 1 Aquatic Life~Crite~ion~f0r Pentachlor0Phenol

¯No new acceptable acute o9 chronic da£a for pentachlorophenol
were found. Therefore, the data’given in Tables 1 and 2 of the
~criteria document for pentachlorophenol (U.S, EPA 1986) were used
to obtain the values given in Table MI.. Because the toxicity of
pentachlorophenol .is pH-dependent, all .acute values in Table M1
.have been adjusted to a pH of 6.5.

Criterion Maximum Concentration (CMC)

Some of the Genus Mean Acute Values given in Table 3 of U.S. EPA
(1985) were changed because of the new taxonomy for salmonids and

because the values for Jordanel°la floridae ahd Rana catesbeiana
¯ had been incorrectly adjusted to a pH of 6.5 and because the SMAV
"for Gammarus pseudolimnaeus had been calculatedincorrectly. The
Final Acute ,Value (FAV) was calculated using the,four lowest

.Genus Mean Acute Values given in Table MI, resulting in a FAV of
10.56.ug/L at a ~H of 6.5. This value did not need tb be lowered
to protect a commercially or recreationally important species of "
the Great Lakes System. The CMC was calculated by dividing the
FAV by 2, resulting in a CMC of 5.28 ug/L at a pH of 6.5. The
CMC was related to pH using the slope~of 1.005 that was derived
in U.S. EPA (1986):

..                         1.005 (pH) - 4,869       ’-
~     CMC=e              "                                                   ’

Criteriol ContinuousConcentration (CCC)

Insufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight~family procedure.    -.
Sufficient chronicdata were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). Six
Species Mean ACR9 were available (Table MI), but two of’them were
"greater than" values. The range of the other four was less than
a factor of 6. TheFACR.was. calculated as the geometric mean ofL
the four similar SMACRs and was 2.608. The FCV = FAV/FACR =             .
(10.56 ug/L)/(2.608).= 4.049 ug/L at a pH Of 6.5. This value did

not need to be lowered to protect a commercially or
~recreationally important species of the Great Lakes System. The
CCC was 4.049 ug/L at a pH of 6.5. The CCC,was related to pH
Using the slope of 1.005:

1.005(pH) - 5.134-CCC = e
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The procedures described in the GLI Tier I methodology indicate
that, except possibly.where a locally important species is very
sensitive, aquatic ~organisms should not b~ affected unacceptably
if the four-day averageconcentration of pentachlorophenol does
not .exceed the numerical value (in ug/L) given by the equation

CCC ~ e

more than’once every thre~ years on the average and if-the
one-hour average concentration does not exceed the numerical.
value (in ug/L)given .by the equation

’ 1.005(pH) - 4.869.

more than once every three yeirson the average.
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Table MI. Ranked Genus Mean.Acutevalues for Pentachlorophen61

Genus Mean ~"~ Species Mean Species Mean
Acute Value Acute Value Acute-Chronic

Rank* (ug/L) ** ~. Species (ug/L) ~* Ratio

32 >43920 Crayfish, >43920
¯ 0rconectes immun!s

31 11260 Midge, ~ . 11260
¯ Tanytarsus dissimilis

30 I0~i0 Sclomyzld, 10610
Sepedon.fuscipennis ..

2̄9 417.7 Tubificid worm, 4i7~7 ’ - .....
Rhyacodrilus montana

28 408.2 Tublficid worm, . 408.2
Stylodrilus herlngianus

27 403.2 Snail, 403.2

26 361.6 Tubificid worm, 239.5
, Spirosperma ferox ~_

Tubificid worm, 545.8
Spirosperma nikoiskyl

25 317.5 Tubificld worm, 3~7.5 ......
¯ ~ Quistadrilus multisetosus

24 306.7 ..Flagf~sh, . ~ 306.7
Jordanella floridae

23 224.2 Tubificidworm, 224.2
Tublfex tubifex

22                195 4 ¯    Guppy,         ~                                195.4 .....
Poecilia reticulata

21 " 182.5 Tubificid worm,. 182.5
’~ Limnodrilus hoffmeisteri

2̄0 172 1 Amphipod, 172,1
Crangonyxpseudogracilis

19 155.9    Tubificid worm, 155.9
Branchiura sowerbyi

.18 132.1 Snail, 132.1 >10.27"**
Physa gyrina
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Table MI. . (Cont.) -. o ""

’ Genus Mean .~. species Mean Species Mean
Acute Value Acute Value Acute-Chronic

Rank* {ug/L) ** °~pecies .. (ug/L) ** Ratio

.............. ................. ........... ...............
1.7 105.0 Largemouth bass, ",. 105.0

Micropterus salmoides .

16 91.48 Amphipod, 91.48
~, Gammarus pseudolimna~us ’.- ".

15 87.48 Amphlpod, 87~48
Hyalella azteca

14 ¯ 78.10 Cladoceran, ..~ 90.83
Daphnia pulex

Cladoceran, 67.15
Daphnia magna

13 67.13 Cladoceran, 67.13 >15.79-**
Ceriodaphnia reticulata

12 65.53 Goldfish, 65.53
Carassius auratus

ii 63.11 Fathead minnow, .~ ’ 63.11          4.535
Pimephales promelas

I0 60.50 Mosquitofish, 60.50
¯ ’ Gambusia affinis

9. 60.43 Snail, 60.43 ......
Aplexa hypnorum ¯

8 58.47 Tubiflcid worm, 58.47
Varichaeta pacifica

7 57.72 Cladoceran, 57.72 0.8945
.... .~’. Simocephalus vetulus

6 56.41 Bluegill, 56.41
Lepomis macrochirus

5 "     34.13     Brook trout, o. 34.13
Salvelinus fontinalis

4 33.91 Bullfro~, 33.91
Rana catesbeiana
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Table M1. (C~nt.)         ~

Genus Mean~ - " ¯ Species Mean Species Mean
Acute Value ’ ’Acute Value Acute-Chronic

.Rank* (ug/L)** Species               ..        (ug/L)** Ratio

3 31.26 Rainbow trout, 35.34. 4.564
Oncorhynchus mykiss

~’ Coho salmon, 31.82
Oncorhynchus klsutch

" . Sockeye salmon, ~ ’     .32.85
Oncorhynchus nerka.

Chinook salmon, 25.85
Oncorhynchus tshawytscha

2 26.54 Channelcatfish, 26.54
Ictalurus punctatus

1 4".355 ’ Common carp, 4.355
¯ Cyprlnus carpio ., ,

* Ranked from most resistant to most sensitive based on Genus Mean Acute
Value.

** At pH = 6.5.
*** Not used in the calculation of the Final Acute-Chronic Ratio~

At " 6.5:

FAV = 10.56 ugiL

CMC = FAV/2 = 5.28 ug/L

As a function of pH:

1.005 (pH) - 4.869
CMC =e

FACR = 2.608

At pH =. 6.5:

FCV = FAV/FACR = (10.56 Ug/L)/(2.608) = 4.049 Ug/L = CCC

AS a function of

1.005 (pH) - 5.134
CCC = e
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GREAT LAKES WATER QUALITY INITIATIVE

~Tier 1 Aq~at~� Life Criterion forSel4nium

Th~ new acceptable acute data for Selenium are given in Table 0i;
no new acceptable chronic data were found., ~These new data were
used with those given in Tables i and 2 of the criteria document
for selenium (U.S EPA 1987) toobtain the values’given in Tables
02 and 03.

selenium (I~) :

Criterion Maximum Concentration (CMC)

The Final Acute Value (FAV) was calculated using the four lowest
G4nus Mean Acute Values given in Table 02, resulting in a FAV of.
371.8 ug/L. ,This value did not need to belowered.to protect a
commercially ’or recreationally important species of the Great
Lakes System. The CMC was calculated by dividing the FAV by 2,
resulting in a CMC of 185.9 ug/L.

Criterion Continuous Concentrati6n (CCC),

Insufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-family procedure.
¯ Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR)., Four
.Species Mean ACRs ~were available (Table 02), ,but the one
determined with the acutely resistant species was higher than the
other three; .the three were withina factor of 2.4. The FACR was
calculated as°th~ geometric mean of the threeand was 7.998. The
FCV = FAV/FACR = (371.8 ug/L)/(7.998) = 46.49 ug/L. As"in U.S.
EPA (1987),. this value was lowered"to 27.6 ug/L to pr6tect the
commercially and.recreationally important rainbow trout. The CCC
was. 27.6 ug/L.                 .~o    ..

Selenium (VI) :

Criterion Maximu~ Concentration (CMC)

TheFinal Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Valhes given in. Table 03, resulting in a FAV of
25.066 ug/L. This value did not need to be lowered to protect a
.commercially or recreationally important species of the Great.
Lakes System., The CMC was calculated by dividing the FAVby 2,
resulting’ in a CMC of 12.533 ug/L.

O Criterion Conti~uous Concentration (CCC)

N-I
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. Insufficient chronic:toxicity data were availabie.t0 calculatea ¯
Final Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic ~ata ~were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACE). Three.
Species Mean ACEs were available (Table 03)~ and they increased
as the acute sensitivities of the s~ecies±ncreased. To make the.
FACE appropriate for sensitive specles, it was set equal to the
SMACE of 2.651 for the sensitive Daphnia magna. The FCV
FAV/FACR = (25.0~6 ug/L)/(2.651) = 9 455 us/L. This value did
not~ need to be lowered to protect a commercially or

recreationally important, species of the Great Lakes System. The
CCC was 9~455 ug/L.          .~                         .

Total selenium:

As discdssed.in U.S. EPA (1987), field studies conductedon
Belew~s Lake in North Carolina suggested that selenium might be
more toxic to.certain speciesof freshwater fish .than had been
observed in laboratory chronic toxicity tests. Based upon these
field studies and some laboratory studies, the "CCC for tota!
selenium was set at 5~ug/L. The Final Acute-Chronic Ratio for
total selenium was calculated as.the geometric mean of the six
ACEs in Tables 02 and 03 that are between 2.5 and 16.5 and was
7.737. The FAV was calculated by multiplying the CCC by.the FACE
and was 38.68 ug/L. The CMC was calculated by dividing .the FAV
by 2, resulting in a’CMC of 19.34~ug/L as total recoverable
selenium.      ,

The Criterion                        "
!

The procedures described in the GLI Tier 1 methodology indicate"
that, except possibly~where a locally important species is very
sensitive, aquatic .organisms should not be affected unacceptably
if.the.four-day average concentration of selenium does not exceed
5 ug/L more than once every three years on the average and if the
one-hour average~concentration does not exceed 19.34 ug/L more
than once every three years on the average.    ..
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"Table 01. " New Acute Values for S~lenium      .

Acute Va~lue .° " ¯
Species               Method*       Chemical           (ug/L) .        Reference

.......................... T ................ T ............ ~-~ ........ :

Ciad4ceran, S,U Na- selenite .680    ’ Johnston 1987
Daphnia magna [Selenium (IV) ] " "

Cladoceran~ S,U Na-selen~te ~- 750 Johnston 1987
Daphnia magna [Selenium (VI) ]

* S = static, U = u~neasured.
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~able 02. Ranke~ Genus Mean Acute Values for Selenium(IV)               . ..

Genus Mean ’ ,’Species Mean Species~Mean
Acute Value Acute Value Acute-Chronic

Rank* (ug/L) Species (ug/L) Ratio

22 203000 Leech, ." , 203000
Nephelopsls obscure .

21 42500 Midge, 42500
Tanytarsus~dissimilis

20 35000 Common carp, 35000
Cyprinus carpio ~--

19 34910 Snail,. 34910
Aplexa hypnorum ’

18 30176 White sucker, ’ 30176
"Catostomus commersoni

17 28500 Bluegill, 28500
Lepomis macrochirus

~L.

.. i6 26100 Goldfish, 26100
Carassius auratus ~-

15 25934 Midge, 25934
Chironomus plumosus

_14 "24100 Snail,    .. 24i00
. Physa sp.

13 -13600 Channel catfish, 13600
.o. Ictalurus punctatus

12 12600 Mosquitofish, ¯ ~2600
Gambusia affinis

ii 11700 Yellow Perch, 11700
Perca flavescens

i0 10490 Rainbow Trout, -10490 141.5"*
-. Oncorhynchus mykiss

~ 10200 Brook trout, 10200
Salvelinus fontinalis

8 . 6500 Flagflsh, ~500 --.---
Jordanella floridae

7 2704 . Amphipod,. 2704 .
Gammarus pseudolimnaeus             . ’. ¯

6 1796 Cladoceran, 834 13.31
Daphnia magna

Cladoceran, o. 387’0 5.~86
Daphnia pulex .,...

N-4
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Table 02    (Cont)             ~°:~’ ’       ’              ~" ’:      ’

- Gen~s Mean ¯ Species Mean . Species Mean
i Acute Value ." Acute Value Acute-Chronic

Rank* (ug/L) Species . (ug/L) ,. Ratio

5 1783 Striped bass, ’    ~783
Morone saxatilis ."

4 1700 Hydra, 1700 ---y- ..
.Hydra sp~ ’ ..

- 3. 1601 . Fathead minnow, 1601 6.881
Pimephales pro~e~as

2 <603.6     Cladoceran, ~603.6
Ceriodaphnia affinis. ¯

’I 340 An~hipod, "340 ......
Hyalella azteca °.

¯ Ranked from most resistant to most sensitive based onGenus Mean Acute
Value.                           ¯

¯* Not used in the calculation £f the FinalAcute-Chronic Ratio.

= Fav/2 = 185.9 ug/L
FACR = 7.998 ’

FCV = FAV/FACR =" (371.8 ug/L)/(7.998) = 46.49 ug/L

Lowered to protect rainbow trout:~

FCV = 27.6 ug/L = CCC -
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Table 03 " Ranked Genus Mean Acute Values for Selenium(VI)

Genus Mean . ’~
~

Species Mean ~.Species Mean
¯ Acute Value Acute Value Acute-Chronic

Ran~*     ..(ug/L), :specles (ug/L) " Ratio

........ ~--~-~ ......... I.L.....~ ................. ~ ........ ~--~ .................

II 442000 Leech, 442000
Heph~lopsis obscura

I0 193000 Snail, 193000
- o Aplexa hypnor~un

.9 66000 Channel catfish, 66000
Ictalurus punctatus

¯ 8 63000 °Bl~egi11,. 63000
Lepomis macrochirus

7 47000 Rainbow trout, 47000 , 16.26. "
~. Oncorhynchus mykiss

6             20000        Midge,                              .     20000
Paratanytarsus parthenogenetlcus

5 7300 Hydra, 7300
Hydra sp.

4 5500 Fathead minnow, 5500 9.726
Pimephales promeias

3 760 Amphipod, 760
Hyalella azteca

2 550.1 Cladoceran, 1230 2.651
Daphnia magna

. Cladoceran~. 246
Daphnia pulicaria

1 65.38 Amphipod, 65.38
¯ " ¯ Gammarus .pseudolimn~eus ’

¯ -Ranked from most resistant to most sensitive based on Genus Mean Acute
Value.

FAV = 25.066 ug/L

cMc =  AV/2 = 12.533 ug2L
FACR = 2.651

FCV =FAV/FACR = (25.066 ug L)/(2.651) = 9.455 ug/L = CCC

N-6
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GREAT LAK WATER QUALITYINITIATIVE

Tier i Aquati~ Life Criterion for. Zinc

Th~ new acceptable acute data for zinc are given inTable PI; no
new acceptable chronic data were found. These datawere used
with those given in Tables i and 2 of the criteria document for
zinc(U.S EPA 1987) to obtain the values given in Table P2.
Because the toxicity of zinc i~ hardness-dependent, all acute

~°values in Table P2 have been adjusted to a hardness of 50 mg/L.

.. ~riteri~n Maximum Concentration (CMC)

~ .The Final Acute Value (FAV) was calculated using the four lowestGenus Mean Acute Values in Table P2, resulting in an FAV of 133.2
ug/L at a hardness of 50 mg/L. This.value did no~ need to be
lowered to protect a commercially or recreationaily important.
species of the Great Lakes~System. The CMC Was calculated by
dividing the FAV by 2, resulting in a cMc of 66.6 ug/L, as total
recoverable zinc, at a hardness of 50 mg/L. The CMC wasrelated
to hardness using the slope of 0.8473 that was derived in U.S.
EPA (1987) :                 ¯

0.8473 (in hardness) + 0.884CMC = e

.Criterion Continuous Concentration

Insufficient chronic toxicity.data were available to calculate
Final Chronic Value (FCV) ~using the eight-family procedure.    .
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). SMACRs
were available for seven species (Table P2), but three were for
resistant species and one was a "less than" value.. The other
three were within a factor of 10.4. The FACR was calculated as
the geometric mean of the three SMACRs and was 1.994. According
to the GLI tier i methodology, the FACR cannot be less than 2.
The FCV = FAV/FACR = (133.2 up/L) / (2) = 66.6 Ug/L at a hardness
of 50 mg/L. This value did not need to be lowered to protect a
commercially or recreationally important species of the Great
Lakes System~ Thus the. CCC ~was 66.6 up/L, as total recoverable
zinc, at ~a hardness of 50 mg/L and equals the CMC. The CCC was
related to hardness using the slope, of 0~8473:

0.8473 (in hardness) + 0.884
CCC = ¯e

When it equals the CMC, the CCC is irrelevant because the CMC has
a shorter ayeraging period.
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The Criterion ........ ¯                ,. ¯

’The Procedures described i~n the GLI tier i methodoiogy ¯indicate
that, except possibly where a.locally important species is very
sensitive, aquatic organisms should not be affected unacceptably
if the one-hour average concentration of zinc does ~not exc, eed the
numerical value (in ug/L) given by the .¯equation

0.8473 (in hardness) + 0.884
.CMC --e

more than once every three years on ~the average.
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Table:Pl : New Acute Value~ for Zinc

¯ . .. , : Ad    ted.
¯ ¯ : .,.Hardness . Acute Acute

.... " (mg/L as Value Value
Species Method* CaC03) (ug/L) (ug/L) ** ¯~ Reference

Frog, S,M ~. i00 34500 19176 Dawson
Xenopus laevls et al. 198~

Cladoceran, S,U 300" II00 241 Berglind and
Daphnia. magna . Dave 1984

¯ S = static, M = measured, U = unmeasured.
¯ * Adjusted to a hardness of 50 mg/L using slope = 0.8473.
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Table"P2’ Ranked Genus ~eanAcute Values for zinc.~ ~. ¯

..~ Genus Mean ~ o i Species Mean Species Mean
¯ Acute Value     . ¯ Acute Value Acute-Chronic

Rank* ’ . (ug/L) ** .species ’ ¯ (ug/L) ** Ratio

36 88960 iDamselfly, ’ 88960
Argia sp. .

35 19800 Amphlpod. 19800
Crangonyxpseudogracilis -.

~ 1917~ Frog,¯ ~9~76
’.. . Xenopds laevis "

33 1~400 Norm," 18400
Nals sp.

32 ’17940 Banded killifish, 17940
Fundulus diaphanus

31 16820 Snail, 16820
" Amnicola sp.

30 13630 American eel,, ./ 13630
Anguilla rostrata

29 10560 Pumpkinseed, 18790
Lepomis gibbosus

Bluegill, ~ 5937
.Lepomis macrochirus

28 ...     10250 ¯ Goldfish, 10250 .
... Carassius    auratus

Lumbriculus va~iegatus

26 8157 Is6pod, .~ 5731
Asellus bicrenata

Isopod,        "’                       11610
Asellus communis

25 8~00 Amphipod, 8100
Gammarus sp.

24 7233 .--. Common carp, 7233
Cyprinus carpio "

23 6580 .Northern squawfish, 6580
~ Ptychocheilus oregonensis

22 6053 Guppy, 6053
Poecilia reticulata

0-4
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, ’Genus Mean " Species Mean Species Mean
Acute Value - Acute Value Acute-Chronic

Rank* (ug/L) ** " ~pecies ’ (ug/L) ** Ratio

-21 6000 .Golden shiner, 6000
- Notemigonus crysoleucas

20 5228 White sucker, 5228
Catostomus commersoni . ,~

1̄9 4900~ Asiatic clam, ¯ 4900
~, Corbicula fluminea .¯ ¯

’i8 4341 S~uthernplatyfish, 4341
Xiphophorus maculatus

17 3830 Fathead minnow, ~.    3830 5.644***
Pimephales promelas

16 3265 . Isopod, 3265
Lfrceus alabamae

15 2176 Atlantic salmon, .~ 2176
Salmo salar

14 2100 Brook trout, 2.335**4
Salvellnus fontlnalis

13             1707        Bry0zoan,        ~"                      ’.1707
Lophopodella carteri

12
~

1672 Flagfish, . 1672 41.2"**
~Jordanella ~florldae

ii.          1607       Bryozoan,.                      , ". 1607
Plumatella emarginata

i0 1578 Snail, 1578
Helisoma campanulatum ’

.9 1353. Snail, i683
¯ Physa gyrina "

". Snail, 1088
Physa heterostropha

8 1307 Bryozoan, 1307
. Pectinatella magnifica

7 >1264 Tubificid worm, >1264
Limnodrilus hoffmeisteri
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Table P2. (Cont.)     ~’ ~                                                         -

.. Genus Mean’. ¯ . , Species Mean~" S~ecies Mean     : ’-~¯ Acute Value .... Acute Value Acute-Chronic.Rank* (ug/L) **    Species ¯ (ug/L) ** Ratio

6 931.3     Rainbow trout, . ~89.3 1.554Oncorhynchus mykiss

Coho salmon, ~1628
~ Oncgrhynchus kisutch .

/ . ¯Sockeye salmon, 1502 .<6.074***
Oncorhynchus nerka

Chinook salmon, 446.4 0.7027
Oncorhynchus tshawytscha

5 790 Mozambique tilapia, 790 ----~ ~-
Tilapia mossambica .~

4 299.8 ¯ Cladbceran, ~55.5 7.26
Daphnia magna

Cladoceran, ~. 252~9¯
Daphnia pulex ~

3 227.8     Longfin dace, 227.8 ~ ~
Agosia "chrysogaster

O
2 119.4     Striped bass, 119.4 ..

.Morone saxatilis

1 93.95 Cladoceran, 174.1 ........
Ceriodaphnia dubia .i

Cladoceran, 50~70 ...... ’ ’
Cerlodaphnla reticulata

¯ Ranked~fr0~ most resistant to most sensitive based on Genus Mean Acute
..Value. -,

¯* At h~rdness = 50 mg/L. -.       "
¯** Not used in the calculation of the Final Acute-chroni~ Ra~io.

At hardness = 50 mg/L:           .~

F~V = 133.2 ug/L

CMC = FAV/2 = 66.6 ug/L

As a function of hardness~

CMC = e 0.8473 (In hardness) + 0.884

0-6

D--038804
D-038805



FACR = 1.994 but was raised’to 2 ¯ ¯        .

~At hardnes~ = 50 mg/L:        ’,

FCV = FAV/FACR = (133.2 us/L)/(2)i= 66.6

As a function of hardness:

L " 0.8473 ~In~hardness) + 0~884
CCC ~= e ~.
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